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ABSTRACT 


This  report  describes  a  study  of  the  methods  by  which  noise  data  of 
Army  helicopters  can  be  measured,  stored  and  analyzed  in  a  consistent 
and  accurate  manner  to  form  a  baseline  noise  data  bank.  A  review  is 
made  of  the  characteristics  of  helicopter  noise  that  create  particular 
problems  in  measurement  and  recording,  and  current  acquisition  tech¬ 
niques  are  discussed  in  terms  of  these  problems.  A  field  test  program 
is  described,  in  which  the  noise  of  five  Army  helicopters  was  measured 
for  hover  and  flyover  modes  of  operation.  Sample  data,  obtained  by 
analysis  of  the  noise  records,  are  presented  in  Volume  I  of  this  report. 
Volume  II  is  a  compilation  of  analyzed  data  for  each  of  the  five  helicopter 
types.  As  a  result  of  the  study,  a  draft  acoustic  measurement  specifica¬ 
tion  is  presented  which  defines  the  requirements  on  helicopter  noise  data 
acquisition  and  analysis  for  Army  data-bank  storage. 
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FOREWORD 


This  woik.  wib  performed  by  Wy!e  Labor  atori^s  for  the  Eustis  Direc¬ 
torate  of  toe  U.  S.  Army  Air  Mobility  Research  and  Development 
Laboratory,  Fort  Eustis,  Virginia,  under  Contract  DAAJ02  -  70- C-002  5, 
Task  1F162203A1 4801 .  The  work  was  conducted  under  the  technical  ccg 
mzance  of  Mr.  Bill  W.  Scruggs,  Jr.,  of  the  Eustis  Directorate. 

The  technical  coordination  of  this  work  with  a  parallel  study  of  "Helicop 
ter  Aural  Detectability”  for  the  Eustis  Directorate  has  been  supervised 
by  J.  B.  Ollerhead  of  Wyle  Laboratories.  Major  contributors  to  the 
development  of  data  analysis  programs  were  J.  B.  Ollerhead  of  Wyle 
Laboratories  and  Mr.  A.  C.  Jolly,  consultant. 

Mr.  Bill  W.  Scruggs,  Jr.,  of  the  Eustis  Directorate  was  responsible  for 
the  field  program  logistics,  and  provided  valuable  technical  assistance 
during  the  field  tests. 
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1.0  INTRODUCTION 


1.  1  BASIC  OBJECTIVES 

The  present  work  is  part  of  a  continuing  program  of  research  and 
development  sponsored  by  the  Eustis  Directorate  of  the  U.  S.  Army  Air 
Mobility  Research  and  Development  Laboratory  into  safety  and  surviv¬ 
ability  criteria  for  the  tactical  deployment  of  Army  flight  vehicles.  The 
work  reported  herein  is  specifically  related  to  the  radiated  noise 
characteristics  of  helicopters  and  is  aimed  at  the  compilation  of  a  data 
bank  of  such  information  at  the  Eustis  Directorate. 

In  general,  the  quant ative  assessment  of  the  aural  detectability  and 
related  hazard  potential  of  various  helicopter  types  in  various  modes 
of  deployment  depends  to  a  great  extent  on  the  quality  of  the  data  avail¬ 
able  and  the  conditions  under  which  the  data  were  acquired  and 
recorded.  In  many  cases,  such  assessments  are,  of  necessity,  based 
on  data  obtained  by  different  agencies  employing  a  wide  range  of  tech¬ 
niques,  systems,  and  test  procedures.  The  resulting  incompatibility 
of  reduced  data  has  limited  the  accuracy  of  subsequent  interpretive  and 
applications  processing  to  such  a  degree  that  the  derivation  and  employ¬ 
ment  of  a  standardized  practice  for  U.  S.  Army  noise  measurement 
programs  is  believed  to  be  essential  for  future  safety  and  survivability 
analysis  of  Army  helicopters. 

The  objectives  of  the  present  work  are  therefore  to  establish  practical, 
state-of-the-art  procedures  by  which  helicopter  noise  can  be  measured 
and  recorded  accurately,  consistently,  and  with  sufficient  resolution 
that  data  obtained  under  different  programs  over  a  period  of  years  can 
be  regarded  as  reliable  and  compatible.  This  report  describes  the 
efforts  conducted  to  achieve  these  objectives.  The  basic  characteris¬ 
tics  of  helicopter  noise  are  discussed  in  terms  of  measurement  and 
and  analysis  requirements,  and  a  review  of  instrumentation  capabili¬ 
ties  is  made  with  particular  reference  to  these  requirements.  A 
program  of  noise  measurement  on  five  U.  S.  Army  helicopter  types 
is  described  and  data  analysis  has  been  conducted  on  the  acquired 
noise  records.  The  reduced  data  is  presented  in  summary  form  in 
Volume  II  of  this  report.  Volume  I  contains  typical  examples  of  these 
analyzed  results.  Finally,  a  draft  noise  measurement  specification 
is  presented.  This  specification  is  partly  based  on  the  procedures  of 
References  I  and  2,  but  is  specifically  directed  towards  achieving  a 
standardized  method  for  the  measurement  and  recording  of  helicopter 
noise  for  the  Eustis  Directorate  data  bank  storage. 
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1.2  THE  NATURE  OF  THE  PROBLEM 


The  measurement  of  noise  by  modern  methods  involves  at  least  two 
basic  steps:  the  conversion  of  the  sound  pressure  signal  to  an 
analagous  electrical  signal,  and  the  conversion  of  the  electrical  signal 
to  a  convenient  quantity  for  interpreti /e  usage.  The  latter  may  simply 
be  a  reproduction  of  the  original  sound  field  for  auditory  stimulation, 
an  oscillogram  of  the  sound  pressure  amplitude,  an  average  power 
spectral  density  distribution,  etc.  Because  it  i3  usually  inconvenient 
to  perform  data  reduction  "on  site",  and  because  the  entire  analysis 
requirements  are  usually  unspecified  at  the  acquisition  stage,  an 
intermediate  step  of  recording  the  electrical  signal  in  permanent  form 
on  magnetic  tape  for  later  analysis  is  normally  introduced.  The  two 
stages  of  noise  measurement  then  become  (1)  recording  an  electrical 
analog  of  the  sound  pressure  history,  and  (2)  analyzing  the  stored 
signal.  The  nature  of  the  latter  step  depends  entirely  on  the  purpose 
for  which  the  measured  data  are  required  and  may  be  qualitative  or 
quantitative.  However,  this  is  almost  completely  independent  of  the 
first  step  which  is  the  primary  subject  of  this  report.  The  first  major 
problem  is  to  acquire  and  record  an  electrical  signal  which  is  com¬ 
pletely  linearly  r'elated  to  the  sound  pressure  history.  Practical 
difficulties  are  all  associated  with  various  sources  of  nonlinearities. 

Manv  studies  have  been  made  of  the  problem  of  recording  and  analyzing 
aircraft  noise,  and  several  recommended  procedures  have  been  for¬ 
mally  documented.  Of  these,  the  standards  imposed  by  Part  36  of  the 
Federal  Aviation  Regulations  (Reference  1)  are  the  most  explicit  in 
defining  measurement  and  analysis  methods,  but  are  specifically 
directed  to  general  (fixed-wing)  aircraft  noise  evaluations  for  certi¬ 
fication  purposes.  Conversely,  the  recommended  procedures 
published  by  the  Society  of  Automotive  Engineers  (Reference  2)  pro¬ 
vide  a  more  general  guide  to  noise  measurerrfent  practices  and 
deliberately  avoid  detailed  specification  of  test  program  content.  In 
adapting  these  and  other  documented  standards  to  the  present  case  of 
helicopter  noise  measurement,  consideration  must  be  given  to  the 
fact  that  the  sound  generated  by  helicopters  is  characteristically 
different  from  that  of  fixed-wing  aircraft.  The  origin  of  this  distinctive 
signature  can  be  traced  to  the  main  lifting  rotor(s),  which  ranks  highest 
among  the  various  noise  sources  on  a  helicopter.  Depending  on  the 
rotor  configuration,  mode  of  operation, and  the  field  point  at  which  it 
is  heard,  the  character  of  rotor  noise  may  be  described  as 
throbbing,"  "banging,"  "slapping,"  "swishing,”  or  possibly  as  a  com¬ 
bination  of  these.  For  noise  measurement  purposes,  the  most 
significant  differences  can  be  defined  in  terms  of  the  frequency  and 
amplitude  characteristics  of  the  sound.  Due  to  relatively  low 
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rotational  speeds  (rpm),  low  blade  numbers  and  high  blade-tip  Mach 
numbers  at  which  rotors  operate,  the  sound  generated  is  usually  highly 
pulsatile  with  a  fundamental  frequency  below  50  Hz,  which  is  the  nor¬ 
mally  accepted  lower  cutoff  frequency  for  conventional  aircraft  noise 
analysis.  This  low  frequency  content  often  controls  the  overall  level 
of  helicopter  noise  and  consequently  must  be  included  in  the  data  acqui¬ 
sition.  The  problems  associated  with  this  are  fully  discussed  in  Sec¬ 
tions  2.  0  and  3.  0  of  this  reporf. 

While  other  noise  generators,  such  as  tail  rotors,  transmission  sys¬ 
tems,  and  power  plant,  contribute  little  to  the  measured  overall  sound 
level  of  helicopters,  they  can  be  aurally  distinguished  in  the  signature 
at  particular  observation  points  around  the  helicopter.  Further,  as 
considerable  research  and  design  effort  is  being  concentrated  on 
reducing  the  main  rotor  noise  of  helicopters,  future  designs  may  have 
a  noise  signature  that  is  dominated  by  these  subsystems.  It  is  there¬ 
fore  desirable  to  include  such  sound  contributions  in  the  recordings  of 
present  vehicle  noise. 

Each  noise  generator 'contributes  sound  of  different  intensity,  direc¬ 
tivity,  and  frequency  content.  At  any  (large)  radius  from  the  helicopter, 
the  noise  would  be  observed  to  change  in  character  according  to  the 
polar  angle  from  the  flight  axis.  This  becomes  further  complicated  by 
the  fact  that  a  ground-based  observer  is  stationary  and  will  simulta¬ 
neously  experience  this  change  in  directivity  and  a  change  in  amplitude 
and  frequency  due  to  the  Vehicle's  velocity  of  approach  or  pass.  Thus, 
the  definition  of  sound,  and  its  measurement  and  analysis,  must  be 
identified  by  the  location  of  observation  with  respect  to  the  vehicle  at  all 
time  instances  during  the  period -of  subjection  or  measurement.  With 
this  information,  the  nature  of  the  sound  and  its  correlation  to  the 
source  mechanisms  can  be  usefully  studied.  The  descriptive  terms 
commonly  used  for  helicopter  noise  give  an  indication  of  the  frequency 
content.  In  general,  the  sound  from  the  main  rotors  is  either  pulsa¬ 
tile  or  modulated  random.  The  former  ha3  a  sharp-fronted  pulse-wave 
format  which  contains  many  discrete-frequency  harmonics  (tones)  at 
multiples  of  the  blade -passage  frequency  (Bpf). 

Bpf  (Hz)  =  N  x  B  -  wo/Z- 

where  B  is  the  number  of  rotor  blades  and  X  is  the  rotor  speed  in 
revolutions  per  second.  The  analysis  of  the  pulsatile  sound  into  its 
harmonic  content  provides  a  large  quantity  of  interpretive  informa¬ 
tion  on  the  noise,  such  as  the  physical  properties  of  its  source,  its 
propagation  efficienty  over  large  distances  (low  frequencies  propagate 
more  efficiently),  and  its  aural  detectability,  annoyance,  and  speech- 
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masking  effects.  Of  primary  importance  to  the  safety  aspects  of  mili¬ 
tary  deployment  is,  of  course,  the  aural  detectability  of  helicopters 
and  this  has  been  studied  in  detail  by  Loewy  (Reference  3)  and  most 
recently  by  Ollerhead  (Reference  4).  In  the  latter  work,  consideration 
was  also  given  to  the  phase  relationships  of  the  harmonic  content  of 
pulsatile  signals.  These  relationships  are  an  essential  part  of  the  sig¬ 
nal  as  they  determine  the  manner  in  which  the  harmonics  are  contained 
in  the  pulse  shape.  This  is  simply  illustrated  by 

p(t)  =  /  p  cos  (nu  t  +  <t>  ) 
i—i'  ‘  n  on 

n=  i 


where  p(t)  is  the  time  history  df  the  sound  pressure,  pn  is  the  arpplitude 
of  the  nth  harmonic  and  is  the*^hase  shift  relative  to  an  arbitrary 
(zero)  reference.  Although  little  is  known  about  the  changes  in  phase 
which  occur  as  an  acoustic  signal  and  is  propagated  over  large  dis¬ 
tances,  it  is  shown  in  Reference  4  that  the  identifying  aspects  of  the 
sound  are  affected  by  the  phase  content  and  therefore  this  content  should 
be,  ideally,  retained  in  the  recorded  analog  of  the  measured  sound. 

i 

Random  noise  contains  sound  pressure  fluctuations  which  are  non¬ 
periodic  and  are  describable  only  in  a  statistical  sense.  The  frequency 
spectrum  is  continuous  (i.  e.  ,  no  harmonic  "spikes")  oversa  wide  fre¬ 
quency  band.  This  type  of  noise  is  generated  by  all  mechanisms  to 
some  extent,  but  is  usually  of  secondary  importance  for  rotating 
mechanisms  with  higher  tonal  radiation.  In  the  case  of  helicopter 
rotors,  this  random  noise  is  generated  by  high  energy  turbulence  in 
the  blade  boundary  layer  and  wake.  At  some  distance  from  the  rotor, 
the  random  noise  is  observed  to  be  modulated  by  the  blade  rotation; 
hence,  a  'swishing''  characteristic  is  noticeable  at  short  distances 
from  a  helicopter.  In  general,  this  content  of  helicopter  noise  does 
not  impose  any  additional  requirements  on  a  measurement  system 
designed  to  account  for  the  rotor  harmonic  and  subsystem  noise. 


1.  3  NOISE  MEASUREMENT,  STORAGE,  AND  ANALYSES 

While  many  new  analysis  tools  are  becoming  available,  particularly  for 
real-time,  on-line,  spectral  and  statistical  evaluations,  the  most 
versatile  approach  to  the  general-purpose  data  acquisition  is  to  record 
such  data  on  magnetic  tape  and  conduct  the  analyses  by  digital  or  analog 
methods  at  a  later  date.  The  sound  history  is  therefore  measured  at 
various  field  locations  simultaneously  by  a  suitable  array  of  micro¬ 
phones  that  convert  the  respective  histories  to  electrical  signals.  Each 
signal  is  then  transmitted  to  a  recording  station  and  requires 
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processing  before  input  to  the  tape  recorder  to  ensure  that  the  range 
capabilities  of  this  component  are  fully  exploited.  Here,  some  pre¬ 
liminary  monitoring  or  analysis  is  essential,  and  should  be  limited  to 
those  features  relevant  to  the  acquisition  process. 

The  sound  pressure  time  history  obtained  at  each  microphone  station 
during  a  helicopter's  approach  and  flyby  can  be  described  by  the 
following  characteristic  data: 

* 

1.  The  time  history  of  the  overall  sound  pressure  level  (OASPL) 
or  of  some  other  single  defining  variable  quantity  such  as  the 
effective  perceived  noise  level  (EPNL). 

2.  Frequency  spectra,  averaged  over  acceptable  time  intervals, 
at  specified  time  increments  during  the  approach  and  flyby. 

3.  Maximum  crest  factor  and  pulsatile  rise -rates  during  the 
time  period  of  interest. 

4.  Harmonic -phase  data  during  the  history. 

As  it  would  be  both  laborious  and  impractical  to  monitor  all  of  these 
characteristics  during  the  measurement  program  to  ensure  that  the 
recording  process  is  within  acceptable  accuracy  limits,  the  alternative 
procedure  of  monitoring  only  particular  aspects  of  the  signal  is 
accepted  as  the  best  approach.  It  is  therefore  imperative  that  the 
quantity  monitored  adequately  describe  the  signal  in  relation  to  the 
capabilities  of  the  measurement  and  recording  systems.  These  capa¬ 
bilities  are  usually  defined,  in  terms  of  distortion  tolerances,  by  the 
following  terms-: 

1.  Frequency  response 

2.  Dynamic  range 

3.  Signal -to-noisc  ratio 

4.  Phase  distortion 

5.  Harmonic  distortion 

6.  Transient  response  (rise-rate) 

7.  Directivity 


-The  above  terminology  is  by  no  means  standard  in  system  specifications 
nor  does  it  provide  a  total  definition  of  response  limitations.  However, 
as  will  be  shown  in  this  report,  these  characteristics  are  generally 
accepted  as  defining  the  dominant  limitations  of  acoustic  test  equipment. 
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As  previously  noted,  once  the  noise  data  are  stored  as  retrievable 
analogs  of  the  original  sound  pressure  histories,  many  forms  of 
analysis  can  usually  be  applied  to  collapse  the  data  to  a  more  readily 
interpretable  quantity.  However,  in  the  case  of  flyover  noise  data, 
certain  limitations  are  incurred  by  the  influence  of  the  source  motion 
relative  to  the  observer,  and  by  the  rapid  variance  in  level  observed  as 
the  polar  incidence  is  changed  around  the  helicopter  (directivity).  The 
resulting  "nonstationa r ity'1  of  the  signal  {that  is,  variance  in  statistical 
properties  of  the  signal  with  translations  in  time)  requires  that  par¬ 
ticular  care  be  taken  in  both  analysis  and  interpretive  tasks.  Studies 
to  combine  the  advanced  state  of  computer  technology  and  the  fundamen¬ 
tal  principles  of  analysis  are  currently  being  conducted,  but  leave  open 
questions  on  the  form  of  averaging  procedures  to  be  applied  to  pulsatile 
data.  A  critical,  detailed  assessment  of  these  analysis  procedures  has 
been  conducted  by  Ollerhead  (Reference  4)  with  particular  reference  to 
helicopter  aural  detectability. 

The  helicopter  is  unique  also  in  the  respect  that  a  genuine  flight  condi¬ 
tion  (hover)  will  provide  a  quasistationary  noise  signal  at  a  fixed  ground 
location.  This  enables  a  much  more  accurate  assessment  of  the  har¬ 
monic  content  for  that  flight  condition  only,  and  offers  a  source  of  mean¬ 
ingful  data  for  interpretive  study.  In  general,  therefore,  the  narrow 
band  processing  is  usually  reserved  for  stationary  (hover)  data,  and 
larger  bandwidths,  such  as  1/3  octave,  are  applied  in  real-time  analysis 
of  flyover  noise  signals. 


1.4  SUMMARY 

The  low  frequency  pulsatile  nature  of  helicopter  noise  requires  measure¬ 
ment  techniques  not  adequately  defined  by  existing  documents.  In  order 
to  maintain  compatibility  in  data  evaluation,  the  present  study  is  aimed 
at  reviewing  measurement  techniques  and  determining  a  practical 
approach  to  the  standardization  of  helicopter  noise  data  acquisition  pro¬ 
cedures.  A  survey  of  current  noise  measurement  procedures  has  been 
conducted  by  discussion  with  other  Government  agencies  (National 
Aeronautics  and  Space  Administration,  Air  Force  Flight  Dynamics 
Laboratory)  and  instrumentation  suppliers.  Specialized  system  designs 
have  been  offered  by  the  latter,  based  on  requirements  specified  for 
the  helicopter  noise  problem.  Two  of  these  systems  have  been  used 
in  a  field  program  of  noise  measurement  on  five  Army  helicopters. 

The  technical  reviews  and  the  measurement  and  analysis  programs  are 
described  in  the  following  sections  of  this  report. 
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2.  0  HELICOPTER  NOISE 


2.  1  PREDOMINANT  MECHANISMS  AND  RELATED  PARAMETERS 

Previous  studies  of  helicopter  noise  (References  5,  6, and  7)  have  iden¬ 
tified  the  predominant  generating  mechanisms  and  derived  procedures 
for  the  prediction  of  sound  levels  radiated  by  each  of  these  mechanisms. 
The  major  noise  components  in  a  typical  helicopter  sound  spectrum  are 
as  follows: 


Main  rotor  harmonics 
Tail  rotor  harmonics 
Rotor  vortex  (broadband)  noise 
Transmission  gearbox  noise 
Power  plant  compressor  harmonics 
Power  plant  exhaust 

In  the  far  field,  the  rotor  systems  essentially  define  the  overall  sound 
pressure  level  and  the  subjective  noise  characteristics  of  most  heli¬ 
copters,  as  may  be  demonstrated  by  Figure  1  (from  Reference  6).  In 
this  illustrative  case,  the  maximum  spectral  level  occurs  at  low  order 
main-rotor  blade  passage  harmonics,  which  are  at  very  low  frequencies. 
The  spectrum  then  decays  with  increasing  frequency  as  the  main  rotor 
harmonics  diminish  until  the  frequency  regime  of  the  tail  rotor  rota¬ 
tional  noise  is  encountered.  Further  along  the  frequency  scale,  the 
vortex  (broadband)  and  power  plant  transmission  system  noise  contribu¬ 
tions  are  encountered.  In  terms  of  the  audible  signature,  all  of  these 
components  are  not  readily  distinguishable  at  all  positions  around  the 
helicopter.  What  is  heard  at  most  positions  is  the  highly  pulsatile  sound 
that  emanates  from  the  main  rotor.  Although  the  fundamental  frequency 
is  in  a  region  of  low  auditory  sensitivity,  the  ear  senses  the  modulation 
at  this  frequency  and  recognizes  the  harmonic  content  only  in  the 
respect  that  it  forms  the  shape  of  the  sound  pulsations.  At  very  large 
distances  from  the  helicopter,  the  higher  frequency  components  of  the 
spectrum  are  attenuated  in  the  propagation  process  and  the  sound  is 
better  described  as  a  low  frequency  '’throbbing".  At  certain  polar 
orientations,  the  tail  rotor  is  noted  to  predominate  and  sounds  more  like 
a  conventional  propeller,  of  higher  frequency  than  the  main  rotor  noise. 
Again,  the  blade  passage  frequency  characterizes  the  noise, and  the 
higher  harmonics  contribute  to  the  qualitative  aspects  of  the  tail  rotor 
noise.  The  significance  of  gearbox  and  compressor  noise  is  usually 
limited  to  the  relatively  near  field  and  to  the  cabin  area.  Each  of  these 
noises  is  higher  in  frequency  than  the  rotor  noise  and  produces  the 
"whine"  that  is  distinguishable  around  a  helicopter  about  to  lift  off. 
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Figure  1.  Typical  Frequency  Spectrum 


Although  the  above  comments  on  the  predominant  mechanisms  of  sound 
generally  apply  to  most  current  helicopter  types,  many  present 
studies  aimed  at  rotor  noise  reduction  and  thrust  augmentation  to 
achieve  higher  flight  velocities  can  be  expected  to  shift  the  emphasis  of 
these  mechanisms  in  subjective  noise  assessment.  When  this  becomes 
a  reality,  information  on  the  noise  characteristics  of  these  other 
mechanisms  will  be  in  demand,  and  the  measurement  and  storage  of 
such  noise  data  from  present  helicopter  types  will  be  of  paramount 
importance.  In  both  the  engineering  and  subjective  response  areas  of 
acoustics,  the  operating  conditions  of  the  generating  mechanisms  are 
of  prime  significance.  To  the  noise  -  reduction  specialist,  the  sound 
history  provides  only  partial  information.  The  specific  operating  con¬ 
ditions  of  each  mechanism  are  essential  to  an  understanding  of  the 
problem.  Similarly,  the  subjective  assessment  of  aural  detectability 
or  tactical  deployment  must  be  interrelated  to  the  operational  mode 
anticipated  ir.  particular  roles,  which  in  turn  should  be  related  to  the 
mechanical  and  aerodynamic  parameters  of  flight.  It  is  therefore  essen 
tial  that  the  storage  of  noise  data  be  accompanied  by  a  full  compilation 
of  the  operating  parameters  pertinent  to  each  measurement  flight.  Part 
of  this  information  will  be  more  related  to  the  basic  vehicle  design  than 
to  the  flight  condition,  while  the  parameters  of  flight  operation  can  be 
obtained  from  the  cabin  instrumentation.  In  a  general  noise  measure¬ 
ment  program,  the  installation  of  specialized  instrumentation  for 
research  purposes  is  not  anticipated  and  the  relevant  information  can 
he  categorized  as  follows: 

1.  Vehicle  Design  Data: 

(a)  Vehicle  type,  engine  type. 

(b)  Main  and  tail  rotors: 

Diameter,  blade  number,  gear  ratio,  airfoil  section, 
blade  area,  disc  area,  taper  ratio,  twist,  tip  shape. 

(c)  Power  plant: 

(Turbine)  rated  SHF,  rated  turbine  speed  (maximum), 

100%  compressor  speed,  compressor  diameter,  first- 
stage  compressor  blade  nurhber,  IGV  number,  (piston) 

'  rated  BHP,  cylinder  number,  displacement,  exhaust 
diameter. 

(d)  Transmission: 

Gear  ratios,  gear  tooth  numbers. 

2.  Flight  Operation  Data: 

(a)  Flight  conditions: 

Velocity,  altitude,  flight  path,  basic  vehicle  weight, 
c.  g.  position,  estimated  thrust. 

(b)  Cabin  instrumentation: 

Pressure  altitude,  indicated  airspeed,  total  air 
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temperature,  torque  pressure,  rotor  speed  (rpm),  com¬ 
pressor  speed  (%),  pressure  ratios  (manifold  or  inter- 
turbine  stage),  ex'iaust  gas  temperature  (egt),  fuel 
weight. 

In  addition,  meteorological  and  tracking  information  must  be  included 
in  the  identification  data. 


2.2  MEASUREMENT  REQUIREMENTS 

2.  2.  I  Measurement  and  Storage  of  Noise  Data 

While  the  ideal  requirement  of  a  data  acquisition  program  is  basically 
that  the  stored  data  be  retrievable  as  exact  analogous  replica  of  the 
original  physical  phenomenon,  the  practical  limitations  of  hardware 
systems  determine  the  actual  degree  of  accuracy  and  resolution  of  the 
acquisition  and  storage  processes.  Nevertheless,  a  set  of  basic  objec¬ 
tives  must  be  stated  prior  to  a  system  design  and  must  be  used  as 
guiding  criteria  in  the  acquisition  program.  For  ease  of  interpretation 
and  to  avoid  ambiguity,  these  requirements  are  best  stated  in  terms  of 
the  overall  system  frequency  response,  dynamic  range,  distortion, 
etc.  ,  as  listed  in  Section  1.  3.  The  following  discussions  are  therefore 
based  on  the  desired  capabilities  of  a  measurement  system  that  will 
allow  later  analysis  and  interpretive  study  of  the  most  significant 
characteristics  of  helicopter  noise. 

2.  2.  2  F requency  Response 

The  frequency  response  is  usually  defined  as  that  frequency  range  over 
which  a  system  responds, within  specified  limits  of  nonlinearity,  to  a 
constant  amplitude,  swept  frequency  input  signal.  The  limits  in  non¬ 
linearity  are  specified  in  _+  dB  units  relative  to  the  known  input  signal 
amplitude  (rms).  For  helicopter  noise  measurements,  the  lowest  fre¬ 
quency  of  interest  is  determined  by  the  blade  passage  frequency  of  the 
main  rot^r,  but  it  is  also  known  that  the  disc  frequency  (the  main 
rotor  revolutions  per  second)  may  contain  sound  energy  resulting  from 
unbalance  of  the  blade  loadings.  A  survey  of  the  main  rotor  disc  and 
blade  passage  frequencies  of  the  helicopter  types  to  be  examined  in  this 
program,  as  listed  in  Table  I,  suggests  that  the  lowest  frequency  of 
interest  is  in  the  order  of  3  Hz.  When  practical,  therefore,  the  lower 
limit  of  the  system  frequency  response  should  be  less  than  this 
value.  However,  if  a  compromise  must  be  made  in  other  significant 
capabilities  to  achieve  this  low  frequency,  then  the  required  loweT 
limit  should  be  taken  as  one -half  of  the  blade  passage  frequency.  The 
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latter  criteria  will  allow  analytical  resolution  of  the  blade  passage 
sound  amplitude. 


TABLE  I. 

MAIN -ROTOR  FREQUENCIES  OF  HELICOPTERS 

Helicopter 

Type 

Disc 

Frequency  (rps) 

Blade 

Number 

Blade  Passage 
Frequency  (Hz) 

UH  IB 

5.  45 

2 

10.  86 

AH-  1G 

5.  40 

2 

10.  80 

OH-6A 

7.  83 

4 

31.  32 

CH-47B 

3.  75 

3 

1  1.  25 

CH-  54A 

3.  18 

6 

19.  08 

The  upper  limit  of  frequency  response  for  helicopter  noise  measure¬ 
ments  is  more  difficult  to  define  due  to  lack  of  available  information 
on  the  higher  frequency  components.  Available  records  of  helicopter 
noise  are  limited  in  the  range  of  sound  pressure  level  that  may  be 
analyzed  from  the  data,  and  it  is  well  known  that  in  the  far  field 
(especially),  the  high  frequencies  may  be  of  the  order  of  40  to  50  dB 
below  the  overall  sound  pressure  level.  For  subjective  noise  studies, 
however,  it  is  desirable  to  obtain  some  information  on  these  compo¬ 
nents,  and  it  is  usual  to  require  an  upper  frequency  response  limit  of 
at  least  15  kHz.  This  value  is  regarded  as  a  requirement  in  the  present 
work. 

Over  this  frequency  range  it  is  necessary  to  specify  a  tolerance  of 
response  nonlinearity.  In  noise  -  reduction  applications,  a  tolerance 
of  +_  1  dB  is  regarded  as  adequate,  but  in  subjective  detection  studies 
the  criterion  usually  employed  is  that  an  increase  in  level  of  0.  5  dB  will 
allow  perception  of  the  signal  against  the  background  (ambient)  noise. 
For  most  practical  purposes,  these  requirements  may  be  relaxed  to  the 
following: 

Frequency  response:  5  Hz  to  1  5  kHz  ! +_  1  dB) 

20  Hz  to  10  kHz  (+  0.  5  dB) 


2.2.  3  Dynamic  Range  and  Signal-to-Noise  Ratio 

The  range  of  signal  levels  that  can  be  lineariy  processed  by  an  equip¬ 
ment  item  is  usually  specified  as  the  "dynamic  range"  of  the  item.  In 
some  cases,  for  example  microphones,  the  dynamic  range  is  specified 
in  dB  sound  pressure  level.  For  other  items  where  the  electrical  sig¬ 
nal  level  is  adjustable,  the  range  is  specified  as  the  "signal -to-noise 
ratio"  and  is  referenced  to  the  nominal  input  level  appropriate  to  the 
adjustment  setting.  In  almost  all  cases,  the  lower  limit  of  the  dynamic 
range  is  determined  by  the  inherent  noise  floor  of  the  electronic  system. 

The  dynamic  range  system  should  satisfy  two  primary  requirements: 

1.  It  should  accommodate  all  frequency  components  of  interest 
in  a  sound  spectrum  at  any  "instant"  of  time. 

2.  It  should  accommodate  the  highest  instantaneous  amplitude 
to  be  encountered  in  the  record  and  the  lowest  component 
amplitude  of  interest  in  the  entire  history,  as  recorded  over 
a  specified  flight  path  distance. 

In  order  to  determine  the  practicability  of  these  desired  capabilities, 
reference  was  made  at  the  preliminary  stage  of  this  program  to  real¬ 
time  1  / 3  octave  band  flyover  data  obtained  on  three  of  the  target 
aircraft  listed  in  Table  I.  The  spectral  characteristics  of  one  of  these 
helicopter  types  are  shown  in  Figure  2*  which  indicates: 

•  Band  levels  at  the  time  of  maximum  overall  level. 

•  Band  levels  at  7  seconds  prior  to  maximum  overall  level. 

•  Maximum  band  levels  during  the  flyover  history. 

The  spectral  decay  rate  of  about  7  dB  per  octave,  indicated  in  Figure  2, 
was  found  to  be  typical  of  each  helicopter  type,  as  was  the  noticeable 
leveling  of  the  spectra  at  about  45  dB  below  the  overall  level.  While  the 
former  characteristic  is  a  real  effect  in  helicopter  noise,  the  latter  is 
probably  due  to  the  dynamic  range  limitation  of  the  recording  equip¬ 
ment  and  is  indicative  of  the  noise  floor  of  the  system.  It  is  well 
known  that  the  major  limitation  of  magnetic  tape  recording  equipment, 
especially  recorders  designed  for  acquisition  of  low  frequency  signal 
content,  is  the  signal-to-noise  range  available.  An  acquisition  range 
of  about  45  dB  is  common  in  such  equipment.  To  overcome  this,  a 
method  of  preemphasi3  of  the  signal  prior  to  recording  is  often  used. 


"The  basic  recorded  histories  were  obtained  for  use  in  detection 
studies  and  are  uncalibrated  for  security  classification  purposes. 
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As  previously  mentioned,  the  propagation  distance  between  the  noise 
source  and  the  measurement  point  has  a  significant  effect  on  the  spec¬ 
trum  shape  due  to  increased  atmospheric  attenuation  at  higher 
frequencies.  The  effect  of  this  attenuation  on  a  7-dB-per-octave  roll¬ 
off  spectrum  is  illustrated  in  Figure  3  for  various  distances  between 
source  and  measurement  point.  The  atmospheric  dispersion  rates  used 
in  this  figure  are  obtained  from  Reference  9.  By  superimposing  a 
45-dB  limit  on  the  spectral  lines  it  becomes  apparent  that  at  large 
approach  distances  of  a  helicopter  from  the  measurement  point,  the 
acquired  spectrum  frequency  range  is  severely  restricted.  At  the  10,000 
foot  approach,  for  example,  the  upper  frequency  limit  is  only  500  Hz. 
This  can  be  extended  to  1000  Hz  by  increasing  the  dynamic  range  to 
60  dB  relative  to  the  overall  level,  which  is  a  practical  objective  for 
preemphasis  methods  as  will  be  discussed  in  Section  3.4.  If  it  is 
assumed  that  noise  from  the  secondary  sources,  such  as  the  power 
plant  and  transmission  systems,  will  not  follow  the  7-dB-per-octave 
trend,  but  will  lie  somewhere  above  that  line,  then  the  60-dB  range 
objective  can  be  considered  adequate  for  most  noise  study  purposes. 

Having  discussed  the  dynamic  range  relative  to  an  overall  sound 
pressure  level  (O’ASPL)  in  terms  of  "instantaneous"  spectra,  it  is  now 
necessary  to  define  the  total  dynamic  range  required  of  the  system  in 
terms  of  the  expected  variance  of  this  overall  level  over  extended 
flight  path  ranges,  altitudes  and  various  helicopter  types.  A  conserv¬ 
ative  estimate  of  the  upper  limit  of  dynamic  range  can  be  taken  as 
125  dBSPL,  which  is  well  within  the  capabilities  of  most  microphone 
systems.  However,  the  lower  limit  of  range  is  a  difficult  criterion 
to  specify  tor  practical  measurement  systems.  In  theory,  it  is 
desirable  that  for  subjective  studies,  the  measurement  capability 
extend  below  the  threshold  of  hearing;  in  practice,  this  is  attainable  with 
specialized  system  components.  However,  such  components  (usually 
the  microphone  assembly)  are  highly  directional  and  have  a  restricted 
upper  frequency  limit,  as  will  be  shown  in  Section  3.2.  Further,  the 
total  dynamic  range  of,  say,  10  dB  to  125  dBSPL  would  exceed  the 
signal -to-noise  capability  of  the  recording  system  at  any  singular  gain 
setting  of  the  recorder  and  preconditioning  equipment,  thereby 
necessitating  the  use  of  a  gain  adjustment  procedure  during  a  flight 
approach  and  flyby.  To  minimize  the  influence  of  such  adjustments  on 
subsequent  analysis,  the  gain  applied  to  each  signal  prior  to  recording 
could  be  either  step-adjusted  in  fixed  increments  (of  the  order  of  10  dB) 
or  continuously  automatically  controlled  according  to  the  signal 
strength.  In  the  latter  case,  it  is  essential  that  the  variable  gain  be 
continuously  recorded  in  such  a  manner  that  it  may  be  easily  retrieved 
and  employed  in  the  data -analy si s  tasks.  Such  procedures  would  allow 
optimum  use  of  available  measurement  and  recording  equipment 
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Figure  3,  Effect  of  Atmospheric  Attenuation  on  Spectral  Roll-Off  at  Specific  Distances  from  Source, 


and  would  allow  the  practical  total  dynamic  range  to  be  determined  only 
by  the  microphone  capability. 

In  the  preceding  discussions  the  methods  of  frequency  preemphasis  and 
gain  control  will  introduce  nonlinearities  into  the  recorded  analog  of 
the  acoustic  signal.  By  corresponding  deemphasis  and  gain  lineariza¬ 
tion  or  reproduction  from  the  tape  recorder,  the  final  replayed  signals 
should  be  in  the  required  (linear -analog)  form. 

V 

2.  2.  4  Harmonic  and  Phase  Distortion 

The  total  harmonic  distortion  is  usually  defined  as  a  percentage  of  a 
pure  tone  level  which  will  appear,  through  system  nonlinearities,  in 
the  frequency  range  outside  the  tone  frequency.  When  stated  in  dB 
units,  a  distortion  of  1%  will  mean  that  the  induced  rms  level  of  the 
pseudosignal  is  40  dB  below  the  input  tone  rms  level  (as  given  by 
20  logiQ  (.01)).  Talcing  the  spectral  envelopes  of  Figures  2  and  3  as 
typical  of  helicopter  noise,  and  remembering  that  the  noise  is  predomi¬ 
nantly  harmonic  as  shown  in  Figure  1,  a  total  distortion  limit  of  the 
order  of  30  dB  will  ensure  that  the  pseudosignal  is  at  least  9  dB  below 
the  third  harmonic  of  the  primary  signal.  This  30-dB  limit  corresponds 
approximately  to  a  3%  total  harmonic  distortion. 

Phase  distortion  in  a  periodic  signal  will  alter  the  basic  shape  of  the 
signal,  even  when  the  harmonic  content  amplitudes  are  linearly 
retained.  In  effect,  the  rms  value  of  the  signal  is  not  changed  by  phase 
distortion,  but  the  crest  factor  (that  is,  the  ratio  of  the  maximum 
amplitude  to  the  rms  level)  is  modified.  The  influence  of  this  effect  on 
the  subjective  analysis  of  helicopter  noise  is  not  sufficiently  understood 
to  allow  a  clear  definition  of  measurement  requirements.  However, 
based  on  the  illustrative  examples  of  phase  shift  effects  contained  in 
Reference  4,  a  tentative  objective  of  retaining  the  phase  linearity  of 
the  signal  within  +10*  ,  over  a  frequency  range  encompassing  the  first 
ten  harmonics  of  the  fundamental  blade  passage  component,  can  be 
stated.  Alternatively,  where  such  phase  control  cannot  be  obtained 
without  compromising  other  linearities,  a  phase  calibration  should  be 
conducted  on  the  measurement  system  for  future  reference  in  interpre¬ 
tive  studies  of  the  data. 

2.  2.  5  Transient  Response 

The  basic  pulsatile  nature  of  helicopter  noise,  together  with  the  inter¬ 
mittent  (transient)  fhenomenon  of  blade  slap,  requires  that  the  acquisi¬ 
tion  system  be  capable  of  admitting  and  recording  signals  with  high 
rise -rates  and  with  high  crest  factors.  In  system  specifications,  the 


former  capability  is  related  to  the  frequency  range  of  the  system 
response,  and  is  further  defined  as  a  percentage  overshoot  at  some 
specified  transient  condition.  To  conform  with  this  terminology,  the 
requirements  on  helicopter  noise  measurement  can  be  stated  as:  less 
than  12%  overshoot  (1  dB)  for  a  rise  time  of  20  microseconds  between 
the  10%  and  90%  points  of  the  transient  (approximately  1  dB  per  micro¬ 
second  rise  rate).  It  is  essential  that  the  maximum  amplitude  of  the 
signal  to  the  recording  equipment  does  not  exceed  the  specified  deviation 
limit  for  the  required  distortion  control.  While  this  is  ensured  for  most 
types  of  noise  recording  by  nominating  a  maximum  rms  input  level  based 
on  expected  crest  factors,  helicopter  noise  does  not  allow  such  simpli¬ 
fied  procedures  due  to  the  random  occurrence  of  "slap"  conditions. 
Consequently,  the  input  level  must  be  based  on  "on-line"  monitored 
information,  appropriate  to  the  helicopter  type  and  flight  condition,  for 
each  microphone  signal. 

2.2.6  Directivity 

For  all  noise-generating  mechanisms  other  than  an  ideal  simple  source, 
the  radiated  sound  has  directional  characteristics  that  affect  the  spatial 
distribution  of  the  sound  pressure  in  the  far  field.  In  helicopter  noise, 
this  distribution  is  extremely  complex  due  to  the  variety  of  mechanisms 
involved  and  the  asymmetrical  characteristics  of  the  predominant 
generators  (the  rotors)  in  forward  flight.  However,  a  definition  of  such 
directional  properties  is  essential  to  an  interpretative  study  of  detect¬ 
ability  or  source  mechanisms,  and  must  therefore  be  resolved  in  the 
noise  measurement  program. 

The  procedures  used  to  obtain  directivity  data  are  encumbered  by  two 
basic  problems.  For  a  moving  source,  the  distance  and  azimuth  angle 
between  the  source  and  a  stationary  microphone  are  varying  continu¬ 
ously.  Hence,  the  sound  pressure  rccoroing  is  a  nonstationary  process 
requiring  time-increment  analysis  over  sma’!  sample  periods.  To 
adequately  cover  the  entire  polar  region  within  a  reasonable  distance 
of  the  helicopter  flight  path  would  require  a  large  number  of  micro¬ 
phones  distributed  over  a  wide  field  area.  However,  such  a  procedure 
is  cumbersome  due  to  the  long  cable  lengths  necessary  for  input  of  all 
microphone  signals  to  a  single  recorder  or  the  alternative  requirement 
for  a  number  of  time  -  synchronized  recorder  systems.  As  a  compro¬ 
mise,  a  microphone  array  of  practical  separation  distances  is  usually 
chosen.  For  the  present  program  in  which  both  hover  and  flyover  noise 
data  are  to  be  acquired,  two  arrangements  of  microphone  locations  are 
desirable.  For  the  flyover  data,  the  array  should  consist  of  at  least 
five  microphone  units  distributed  along  a  line  normal  to  the  flight  path 
ground  trace.  The  center  unit  should  be  located  immediately  under  the 


flight  path  and  the  others  should  be  distributed  on  either  side  of  this 
central  unit.  With  this  arrangement,  the  helicopter  flights  should  he 
conducted  at  various  altitudes  to  allow  an  analysis  of  the  directivity 
characteristics  about  the  rotor  disc  plane.  It  is  important  that  the 
microphones  do  not  induce  directionality  errors  during  a  flyover,  and 
this  can  be  accomplished  by  the  proper  choice  of  units  and  by  mounting 
the  microphones  in  a  suitable  orientation  to  the  ground  plane. 

For  the  hover  data  acquisition,  the  microphone  arrangement  should  con¬ 
sist  of  at  least  five  microphones  located  at  fixed  radii  from  a  ground- 
marker  hover  point.  This  arrangement  should  allow  a  resolution  of 
directivity  characteristics  at  15-degree  increments  around  the  helicop¬ 
ter  at  a  (ground  plane)  radius  of  at  least  1, 000  feet  from  the  hover 
marker  point.  Additional  data  at  some  larger  radius  are  also  desirable 
but  will  obviously  depend  on  the  geography  of  the  measurement  site. 
Again,  the  microphone  directionality  characteristics  must  be  eliminated 
from  the  acquisition  process.  The  actual  arrays  employed  in  the 
measurement  program  are  defined  in  Section  4.2. 

2.  2.  7  Other  Measurement  and  Storage  Requirements 

In  the  analysis  and  interpretation  of  sound  history  data,  it  is  essential 
that  some  means  of  identifying  the  vehicle's  position  relative  to  sound 
measurement  point  be  available  on  the  noise  record  tape  or  on  a 
separate,  time -coded  record.  Among  the  methods  commonly  employed 
for  this  purpose  are:  precision  radar  tracking,  photography,  pulse 
superposition  on  the  sound  record  at  specific  points  on  the  flight  path, 
and  simple  speech-track  monitoring.  Obviously,  each  of  these  methods 
incurs  different  magnitudes  of  error,  and  their  application  is  usually 
dependent  or.  the  analysis  objectives  or  the  availability  of  suitable 
equipment.  The  use  of  radar  tracking  is  recommended  in  all  future 
programs  of  noise  measurement,  and  should  be  supplemented  by  one 
other  method  by  which  approximate  information  on  the  helicopter's 
flight  position  can  be  immediately  stored  on  magnetic  tape  with  the 
noise  data. 

The  use  of  a  standard  time  code  on  the  recording  tape  serves  at  least  two 
purposes;  it  provides  a  direct  time  correlation  between  independent  data 
recording  systems,  and  it  facilitates  data  processing  by  means  of  time- 
code  translation/tape  search  equipment.  The  following  recommendations 
on  time  codq  format  are  based  on  the  accuracy  desired  of  the  time 
correlations  and  the  ease  of  interpretation: 

•  The  time  code  should  be  of  pulse  amplitude  modulated 
format  on  a  1000  Hz  sine  wave  carrier. 
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•  The  code  time  frame  should  be  1  second,  allowing  a 
minimum  resolution  of  100  milliseconds. 

Calibration  and  meteorological  data  are  obvious  necessities  in  a  noise 
measurement  program.  A  discussion  of  calibration  procedures  is 
included  in  Section  4.  Meteorological  data  should  be  obtained  at  1 -hour 
intervals  during  each  flight  schedule  and  should  comprise  the  following 
conditions  at  the  measurement  site: 

•  Local  standard  time 

•  Dry  bulb  temperature 

•  Relative  humidity 

•  Station  barometric  pressure 

•  Altimeter  setting  (pressure) 

•  Wind  direction  and  velocity 

The  final  storage  format  of  tape-recorded  noise  data  in  a  data-bank 
system  depends  almost  entirely  on  the  type  of  reproduction  equipment 
most  commonly  available  to  the  users.  A  further  consideration  is 
whether  extensive  cross -correlation  analysis,  between  microphone  sig¬ 
nals,  will  be  conducted  on  the  data.  In  cases  where  the  noise  data  from 
the  microphone  stations  are  transmitted  to  a  single  recording  station 
and  simultaneously  recorded  on  multichannel  tape,  the  only  requirement 
is  that  a  standard  recording  technique  be  employed  which  will  define 
tape  transport  speed,  tape  track  separation,  etc.  This  standardization 
is  fortunately  available  in  magnetic  tape  recording  systems  complying 
with  the  well-known  IRIG  specifications  (Reference  10).  Further  dis¬ 
cussion  of  these  standards  is  presented  in  Section  3.2  together  with 
recommended  assignments  of  channel  content. 

In  cases  where  separate  recording  stations  are  used  for  different  micro¬ 
phone  signals,  the  use  of  a  time-code  to  synchronize  the  noise  time 
histories  is  essential.  For  final  data-bank  storage  of  these  records,  it 
is  recommended  that  the  separate  noise  histories  be  synchroni7,ed  and 
transposed  to  a  single  multichannel  tape. 


2.  3  ANALYSIS  REQUIREMENTS 

From  an  idealistic  view,  it  is  desirable  to  analyze  the  recorded  data  with 
as  much  resolution  as  possible.  The  main  requirement  for  most 
research  and  development  purposes  is  to  define  the  detailed  frequency 
distribution  of  acoustic  energy.  High  resolution  implies  narrow  band¬ 
width  analysis,  and  in  general  the  aim  is  to  reduce  the  bandwidth  to  a 
minimum. 
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The  choice  of  analysis  bandwidth  is  dictated  by  conflicting  requirements 
of  resolution,  accuracy,  and  speed.  The  trade-offs  between  these  fac¬ 
tors  for  either  harmonic  or  random  noise  are  fairly  well  understood, 
but  the  presence  of  both  ir_  helicopter  no-' 3e  imposed  double  constraints 
on  the  selection.  The  spectrum  analysis  is  performed  in  three  stages: 
the  signal  is  first  filtered  by  the  appropriate  bandwidth  A  f,  is  squared, 
and  is  averaged  over  a  time  T.  For  random  noise,  where  the  power 
spectral  density  w(f)  is  also  required,  the  result  is  also  divided  bv  the 
bandwidth.  Mathematically,  this  process  can  be  written  as 


P  <f.  to 


f,  Af)  dt 


and  w(f)  = 


£. 


[0  Af) 
Af 


where  p(t,  f,/.f)  is  the  instantaneous  value,  at  time  t,  of  the  square 
of  the  signal  level  after  filtering  by  bandwidth  Af,  centered  on  fre¬ 
quency  f.  p(f,  Af )  is  the  mean  square  value  of  the  signal,  within 
bandwidth  Af,  centered  on  frequency  f,  averaged  over  time  T. 

Dealing  first  with  stationary  random  noise,  that  is  random  noise  whose 
statistical  properties  and  average  sound  pressure  level  (SPL)  do  not 
vary  over  long  periods  of  time,  the  main  difficulty  is  associated  with  the 
fact  that  the  short-term  SPL  is  not  constant,  so  that  the  output  of  a  sound 
level  meter  (which  actually  measures  a  running  averaj^  of“p)  fluctu¬ 
ates  in  level.  The  amount  of  the  fluctuation  increases  as  the  product  of 
bandwidth  and  averaging  time  decreases.  At  any  instant,  the  meter  is 
more  likely  to  underestimate  the  true  value  than  vice  ersa;  but  to 
obtain  80%  confidence  limits  cf  +_  1  dB,  the  product  of  Af  x  T  must  be 
greater  than  about  35. 

For  harmonic  noise,  on  the  other  hand,  the  requirements  are  not  so 
stringent.  The  error  in  the  measured  SPL  of  a  filtered  discrete  fre¬ 
quent  y  component  will  be  less  than  jt  1  dB  provided  the  averaging  time 
is  -rcalcr  than  about  one  period.  For  example,  for  the  lowest  harmonic 
in  lit  opter  noise,  namely,  the  main  rotor  blade  passage  frequency,  is 
ic  ic  S3  than  10  Hz  and  an  averaging  time  of  100  msec  will  suffice. 

Assuming  that  a  3  Hz  bandwidth  is  sufficient  to  resolve  individual  har- 
nvoiu  s,  the  corresponding  averaging  time  required  to  evaluate  the 
random  component1;  in  the  same  frequency  band  is  about  12  seconds. 
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A  convenient  solution  to  this  problem  is  to  use  narrow  bandwidths  at  low 
frequencies  where  harmonic  components  dominate  and  wider  bandwidths 
at  high  frequencies  where  random  noise  energy  greatly  exceeds  any 
periodic  components.  Analog  filter  systems  with  variable  bandwidths 
are  usually  designed  as  constant  percentage  bandwidth  analyzers  and, 
as  the  name  implies,  have  bandwidths  which  are  proportional  to  the 
band  center  frequency. 

Unfortunately,  this  can  lead  to  an  averaging  problem,  since  if  the  band¬ 
width  is  sufficiently  wide  to  admit  a  group  of  harmonic  components,  a 
high  crest  factor  signal  may  be  passed.  Filtered  harmonic  noise  has 
the  form  of  a  highly  modulated  sinusoidal  signal,  and  for  1/3  octave 
band  filters  which  are  perhaps  the  most  commonly  used  constant  per¬ 
centage  devices  for  aircraft  noise  purposes,  crest  factors  as  high  as 
9  dB  are  possible.  Such  signals  cause  problems  for  analog  rms  detec¬ 
tors  that  are  normally  limited  to  signals  with  small  crest  factors.  The 
result  can  be  very  large  errors,  and  for  safety,  a  substantially  greater 
averaging  time  (by  a  factor  of  perhaps  3  to  5)  should  be  used.  This  also 
applies  to  the  linear  (unfiltered)  signal.  Probably  the  safest  way  to 
avoid  this  problem  is  to  use  a  digital  averaging  system  that  actually 
performs  a  numerical  integration. 

The  problems  of  helicopter  noise  analysis  are  reviewed  in  Reference  4, 
and  the  findings  of  that  report  can  be  summarized  as  follows: 

1.  For  practically  all  applications,  helicopter  sound  recordings 
must  be  analyzed  to  define  the  frequency  distribution  of 
acoustic  energy.  An  appropriate  procedure  for  spectral 
analysis  must  be  selected  to  optimize  the  requirements  of  , 
resolution,  accuracy,  and  speed.  For  either  periodic  or  ran¬ 
dom  noise,  the  requirements  are  well  defined.  The  need  to 
consider  both  in  the  case  of  helicopter  noise  imposes  twofold 
constraints  on  the  selection. 

2.  For  harmonic  noise,  a  narrow  filter  bandwidth  is  required, 
considerably  less  than  the  fundamental  frequency  of  interest 
(which  i9  equal  to  the  interharmonic  spacing).  The  averaging 
time  of  the  rms  detection  should  be  greater  than  1.33  period!' 
of  the  component  under  analysis  for  an  accuracy  of  +  0.  5  dB, 
or  greater  than  0.  8  periods  for  an  error  of  less  than  ■+  1  dB. 

3.  For  random  noise,  the  error  increases  as  the  product  of  band¬ 
width  and  averaging  time  decreases.  For  an  accuracy  of  +  1 
dB  this  product  should  exceed  40,  and  for  +  0.5  dB  accuracy, 
products  greater  than  200  are  necessary.  If  the  modulation 
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amplitudes  are  required,  the  averaging  times  must  be  very 
small  (typically  20  msec)  so  that  they  can  only  be  detected 
by  very  coarse  filters,  unless  provision  is  made  to  average 
a  series  of  modulation  cycles. 

4.  For  long -duration  hover  recordings,  the  main  constraint  upon 
the  analysis  is  the  physical  time  involved.  For  example, 
detailed  narrow  band  analysis  can  take  several  hours.  For 
flyby  recordings,  the  signal  is  nonstationary,  and  an  additional 
requirement  is  that  the  spectral  characteristics  should  not 
change  significantly  during  the  averaging  time.  The  selection 
of  an  averaging  time  must  be  based  upon  the  flight  configura¬ 
tion  under  study,  but  this  consideration  generally  eliminates 
the  ability  to  perform  a  narrow  band  analysis  at  the  higher 
frequencies.  Harmonic  components,  however,  can  be 
extracted  with  reasonable  accuracy  using  high-speed  analysis 
equipment. 

5.  For  general  purpose  analysis  of  flight  data,  1/3  octave  analysis 
is  recommended  since  it  provides  a  reasonable  compromise 
betweert  resolution,  accuracy,  and  speed;  it  represents  an  ade¬ 
quate  analog  of  the  hearing  mechanism;  and  it  is  widely  avail¬ 
able  in  commercial  analysis  systems. 

(,.  Real-time  analyzers  are  very  useful  for  high  speed,  large 
volume  acoustic  data  reduction  and  are  particularly  appro¬ 
priate  for  flyby  data  analysis.  However,  care  is  required  to 
meet  the  accuracy  requirements  existing  for  all  spectrum 
analysis,  particularly  with  regard  to  averaging  time. 

7.  When  interpreting  filtered  data,  it  is  easy  to  confuse  modulated 
random  noise  with  the  waveform  of  a  group  of  harmonics, 
since  both  exhibit  a  modulation  envelope  with  a  period  equal  to 
the  blade  passage  interval.  The  safest  way  to  discriminate 
between  them  is  to  perform  a  narrow  band  analysis  of  the  fil¬ 
ter  output. 

8.  The  accurate  measurement  of  pulsatile  sound  pressure  levels 
with  high  crest  factors  requires  an  elaborate  rms  detection 
circuit.  Averaging  times  should  be  several  times  greater  than 
modulated  periods.  Failure  to  meet  this  requirement  can  lead 
to  severe  errors  in  the  measurement  of  highly  modulated 
signals. 


* 
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3.  0  DATA  ACQUISITION  SYSTEMS 


3.  1  GENERAL  DESCRIPTION 

A  remote  field  noise  data  acquisition  system  can  be  regarded  as  an 
assembly  of  four  primary  subsystems: 


•  A  field  microphone  system 

•  A  signal  conditioning  console 

•  A  data  storage  unit  (tape  recorder) 

•  A  signal  monitoring  system 


A  typical  assembly  of  these  is  illustrated  in  Figure  h.  In  addition,  the 
inclusion  of  a  time  code  generator,  a  voice  narration  microphone,  and 
aircraft  tracking  facilities  is  essential  to  the  noise  measurement  test 
program,  but  do  not  directly  affect  the  acoustic  signal  processing. 
Calibration  facilities  are  also  necessary  and  can  be  catagorized  as 
laboratory  and  field  systems.  These  are  discussed  separately  in  Sec¬ 
tion  4. 


Each  of  the  subsystems  listed  above  has  limitations  in  its  signal  process¬ 
ing  capabilities  that  will  induce  constraints  on  the  overall  system.  For 
example,  the  frequency  response  capabilities  of  a  properly  selected  tape 
recorder  are  well  in  excess  of  requirements,  but  a  severe  limitation  in 
dynamic  range  is  associated  with  this  unit.  In  contrast,  the  dynamic 
range  of  microphone  systems  far  exceeds  that  of  the  recorder;  but,  as 
will  be  shown  in  the  following  sections,  the  frequency  response  range  of 
microphones  can  be  a  problematic  restriction.  The  objectives  of  the 
following  sections  are  therefore  to  review  the  typical  characteristics 
of  equipment  items  which  are  commonly  used  in  these  subsystems,  and 
to  make  recommendations  on  overall  system  designs  that  will  be  best 
suited  to  the  measurement  of  helicopter  noise  for  data-bank  storage. 


3.  2  FIELD  MlCROl' HONE  SYSTEMS 

The  first  element  in  a  noise  measurement  system  is  obviously  the 
transducer,  or  microphone,  which  responds  tc  the  acoustic  pressure 
field  and,  in  conjunction  with  an  appropriate  preamplifier,  generates 
an  electrical  analog  of  the  pressure  field.  Two  types  of  microphone 
units  are  commonly  employed  in  acoustic  precision  measurements;  the 
condenser  type  which  relier  on  the  vibrational  response  of  a  thin 
metallic  diaphragm  to  vary  the  electrical  voltage  across  a  capacitive 
gap  between  the  diaphragm  and  a  polarized  electrode,  and  the 
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piezoelectric  (or  ceramic)  type  which  relies  on  the  dynamic  strain 
response  of  a  piezoelectric  material  to  the  incident  sound  pressure. 
Further  c?  tagorization  of  these  types  is  denoted  by  their  directionality 
characteristics,  as  pressure,  free-field  or  random  incidence  types. 

In  each  case,  a  preamplifier  is  a  necessary  item  at  the  microphone  sta¬ 
tion,  and  this  requires  a  power  supply,  which  may  be  a  remote  unit  or 
may  be  installed  at  the  signal  conditioning  terminal  withpower  trans¬ 
mitted  to  the  microphone  station  via  cables.  The  signal  from  the  micro¬ 
phone  preamplifier  is  usually  transmitted  to  the  signal  conditioning 
equipment  by  means  of  well-insulated  cables,  which  may  incorporate 
cable  amplifier  units  at  certain  points  along  their  length  when  long  dis¬ 
tances  are  to  be  covered. 

The  above  items  of  equipment,  excluding  the  signal  conditioning  units, 
can  be  regarded  as  components  of  a  "field  microphone  system".  Addi¬ 
tional  components  of  the  system  are  a  microphone  support  stand 
(tripod)  and  a  windscreen. 

Prior  to  discussing  the  measurement  capabilities  of  microphones  in 
detail,  it  is  advisable  to  consider  the  implications  of  the  directivity 
characteristics  of  the  three  3ubcatagories.  In  general,  the  directivity 
of  a  microphone  is  the  variance  of  it3  response  to  sound  waves 
impinging  at  different  angles  to  the  microphone  axis,  with  respect  to  a 
true  measurement  of  the  sound  pressure  amplitude.  As  is  shown  in 
Figure  5,  this  variance  from  a  linear  response  i3  usually  only  apparent 
at  frequencies  above  1000  Hz  and  is  attributable  to  phase  cancellation  of 
the  impinging  wave  on  the  transducing  element  surface.  To  compensate 
for  such  effects,  the  three  types  of  units  have  been  designed  for  par¬ 
ticular  applications. 

The  free-field  unit  is  suited  to  situations  where  the  sound  field  is 
predominantly  plane  wave  progressive  and  the  microphone  can  always 
be  directed  toward  the  noise  source.  Its  frequency  response  is  linear 
up  to  frequencies  in  excess  of  15  kHz  for  frontal  incidence  sound 
waves,  but  exhibits  a  sharp  decay  for  other  incidences,  particularly 
grazing  incidence.  This  roll-off  characteristic  of  the  free-field  type 
occurs  at  relatively  iow  frequencies  compared  with  other  types  of 
equivalent  sensitivity*. 


*The  term  'sensitivity"  is  the  response  rate  of  the  microphone  and  is 
usually  specified  in  millibars  per  microvolt. 
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The  pressure  I'nicrophone  is,  as  its  name  implied,  best  suited  to  the 
measurement  of  "pressure"  fields  in  which  the  sound  pressure  and 
particle  velocity  are  completely  out  of  phase  and  spatially  uniform,  and 
consequently  do  not  induce  over-response  in  the  critical  frequency 
region.  Hpwever,  this  type  of  microphone  will  over-respond  to  frontal 
progressive  waves.  Its  greatest  advantage  is  that  it  provides  a  more 
extensive  linear  frequency  response  range  for  grazing  incidence  pro¬ 
gressive  waves  as  shown  in  Figure  S. 

The  random  incidence  response  microphone  is  a  result  of  deliberate 
efforts  to  design  a  unit  which  will  respond  equally  to  sound  waves 
impinging  simultaneously  from  all  directions.  This  is  usually  achieved 
by  the  application  of  an  incidence  correction  shield  to  a  pressure-type 
transducer.  Its  high  frequency  response  at  any  single  impingement  angle 
is  usually  inferior  to  that  of  a  free -field  or  pressure-type  unit  used  at 
the  proper  orientation. 

For  aircraft  flyover  noise  measurements  it  is  obvious  that,  if  incidence 
corrections  during  the  measurement  period  are  to  be  avoided,  each 
microphone  unit  should  be  oriented  such  that  the  entire  flight  path  is  in 
the  grazing  incidence  plane  of  the  microphone.  Consequently,  a 
pressure  type  unit  is  best  suited  to  this  purpose  when  the  linear  icspunse 
range  is  required  to  extend  the  high  frequencies. 

It  is  an  unfortunate  circumstance  in  microphone  characteristics  that  the 
linear  frequency  range  of  a  microphone  decreases  with  increasing 
diameter  of  the  unit  while  the  sensitivity  increases  with  increased  size. 
For  the  present  case  of  helicopter  noise  measurement,  where  data  is 
desired  over  a  large  range  of  signal  levels  including,  in  particular,  very- 
low  levels  near  the  threshold  of  hearing,  a  high  microphone  sensitivity 
is  required  to  achieve  such  requirements.  This  is  due  to  the  fact  that 
the  inherent  noise  in  the  microphone  assembly  determines  the  lower 
limit  of  the  measurable  sound  level  range.  A  high  sensitivity  will  cause 
the  electrical  signal  level,  corresponding  to  a  low  sound  level,  to  be  dis- 
cernable  above  the  inherent  noise  floor.  Table  II,  which  contains  the 
frequency  and  dynamic  range  limits  of  typical  microphone  systems, 
illustrates  the  necessity  for  compromise  between  the  ideal  requirements 
on  these  characteristics.  A  practical  approach  to  the  problem  lies  in 
the  use  of  both  free-field  and  pressure  type  microphones.  For 
relatively  short  distance  flyover  noise  measurements,  it  is  considered 
that  the  frequency  range  and  directivity  characteristics  of  the  micro¬ 
phone  take  precedence.  Therefore,  the  use  of  1  /2  -  inch-diameter 
pressure  type  units  is  recommended  for  a  spatial  array  of  microphones. 
For  large  distance  approach  noise  measurements,  the  use  of  a  single 
1 -inch-diameter  free-field  type  microphone,  orie  nted  with  its  axis 
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along  the  line  of  approach,  is  recommended.  The  data  obtained  by  this 
microphone  should  be  considered  accurate  for  large  approach  distances 
only. 

In  each  of  the  above  applications,  the  microphone  should  be  used  with  an 
appropriate  FET  preamplifier  to  minimize  system  noise  and  to  obtain 
the  lo1  equeney  capabilities.  The  upper  frequency  capabilities  of  the 
system  are  further  influenced  by  the  connecting  cable  between  the  pre¬ 
amplifier  and  the  conditioning  equipment.  This  can  be  alleviated  by 
using  a  low  capacitance  cable,  such  that  the  total  capacitive  loading  is 
less  thacn- 26500  pF  for  a  15  kHz  cutoff  (i.  e.  ,  less  than  17.  6  pF  per  foot 
length  for  a  1500-foot  cable).  Another  method  of  eliminating  this 
problem  is  to  employ  cable  amplifiers  at  various  positions  along  the 
cable  length. 

Phase  distortion  within  the  microphone  and  carrier  system  has  not  been 
specifically  defined  as  yet  due  lo  the  construction  of  cartridge  and 
preamplifier  units.  It  is  therefore  concluded  that  the  phase  distortion 
in  each  channel  of  the  entire  system  (including  signal  conditioning  and 
recorder  units)  should  be  defined  over  the  desired  frequency  range  by 
calibration  procedures.  An  electrical  calibration  should  be  conducted 
by  square-wave  input  at  the  preamplifier,  recorded  on  the  appropriate 
tape-deck  channels.  Subsequent  Fourier  analysis  of  the  recorded  sig¬ 
nals  will  provide  a  direct  comparison  of  input  and  acquired  -  data  phase 
relationships. 

3.  3  TAPE  RECORDING  SYSTEMS 

Although  conditioning  and  monitoring  of  the  data  signal  is  conducted 
prior  to  tape  recording,  the  primary  purpose  of  this  process  is  to 
ensure  that  the  input  signal  to  the  recorder  is  within  the  specified  limits 
for  proper  functioning  of  the  recorder.  Consequently,  the  limitations 
of  tape  recording  systems  are  now  reviewed,  and  the  methods  of  con¬ 
ditioning  and  monitoring  are  discussed  in  Section  3.4  with  respect  to 
these  limitations. 

To  ensure  compatibility  of  tape -transport  speeds,  headstack  configura 
tions,  bandwidths,  etc.,  iri  the  acquisition  and  later  reproduce/analysis 
stages  of  data  coflection,  the  tape  recorder  systems  employed  'tor 
permanent  data  storage  should  conform  to  IRIG  specifications  (Refer¬ 
ence  10).  For  helicopter  noise  data,  in  which  very  low  frequencies  are 
important,  it  is  necessary  to  employ  a  recorder  with  frequency  modula 
tion  (FM)  electronics,  which  allows  acquisition  of  signal  components 
clown  to  DC  levels.  Further  restrictions  on  the  choice  of  system  are 


based  on  the  LR IG  standards  for  FM  recording.  To  achieve  a  +  1  dB 
response  over  a  frequency  range  of  DC  to  20  kHz,  it  is  recommended 
that  iRIG  Intermediate  Band  recording  be  used  at  a  tape  transport 
speed  of  60  io°,.  A  further  standardization  of  helicopter  noise  data 
storage  can  be  achieved  by  the  use  of  a  14-channel  recorder  with  the 
following  track  assignments: 

Channel  1  is  allocated  to  a  Standard  Time  Code. 

Channels  2,  3,  and  4  are  allocated  to  vehicle  tracking  data, 
if  available  in  a  suitable  input  form,  or  to  other  information 
relating  to  the  helicopter's  flight  location  during  the  signal 
history. 

Channels  5  to  1  2  are  allocated  to  noise  data. 

Channels  13  and  14  are  reserved  for  voice-narration  of 
identification  data,  operating  conditions  and  other  data-log 
information. 

A  review  of  commercially  available  FM  recording  systems  conforming 
with  the  above  requirements  indicates  that  the  only  serious  limitation, 
in  teims  of  dynamic  capabilities,  is  that  of  signal-to-noise  ratio.  This 
limitation  is  more  severe  in  FM  systems  than  in  Direct  Record  units, 
but  the  latter  do  not  allow  low  frequency  acquisitions  and  are  therefore 
.io*  considered  in  the  present  review. 

A  typical  value  of  the  signal-to-noise  ratio  (S/N)  of  IRIG  Intermediate 
Band  systems  is  45  dB.  For  a  nominal  input  level  rf  1  volt  rms  (which 
is  adjustable  within  the  recorder  electronics),  the  maximum  permissible 
amplitude  to  be  recorded  within  the  specified  distortion  limits  is  1.  4  volts 
peak.  This  is  called  the  "40%  deviation  limit".  The  problem  incurred 
by  the  45  dB  S/N  ratio  can  be  explained  with  reference  to  this  peak  limit 
and  the  crest-factor  characteristics  of  helicopter  noise.  The  total  sig¬ 
nal  waveform  of  helicopter  noise  has  a  crest  factor  of  the  order  of 
16  dB.  (This  value  was  found  to  be  typical  during  the  field  tests 
described  in  Section  4.  )  If  the  input  signal  to  the  tape  recorder  is  con¬ 
ditioned  such  that  its  peak  level  is  1,4  volts,  the  overall  rms  level  of 
the  signal  would  be  approximately  2  00  millivolts,  which  is  16  dB  below 
the  40%  deviation  limit.  Thus  the  available  dynamic  range,  in  terms  of 
sound  pressures  which  are  evalur.ted  in  rms  levels,  is  reduced  to  the 
order  of  29  dB.  Reference  to  the  frequency  spectra  of  Figures  1 
through  3  illustrates  the  inadequacy  of  this  range  for  acquisition  of  the 
high  frequency  content  of  the  signal.  Consequently,  high  frequency 
preemphasis  of  the  signal,  prior  to  recording,  is  necessary. 
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To  fully  utilize  this  limited  dynamic  range,  it  is  essential  that  the 
maximum  peak  amplitude  of  the  signal  history  is  as  close  as  possible 
to  the  40%  deviation  limit  without  exceeding  it.  This  can  only  be  accom¬ 
plished  by  detailed  monitoring  of  the  signal  content  to  determine  appro¬ 
priate  gain  or  attenuation  settings  of  the  conditioning  equipment. 


3.  4  SIGNAL  CONDITIONING  AND  MONITORING  SYSTEMS 

The  signal  level  transmitted  from  the  microphone  to  the  recording 
terminal,  via  cables  and  cable  amplifiers,  is  usually  determined  only 
by  the  (fixed)  sensitivity  of  the  microphone  system.  In  order  to  adjust 
this  signal  level  such  that  the  input  to  the  tape  recorder  i3  within  the 
specified  limits  of  that  unit,  signal  conditioning  and  monitoring  equip¬ 
ment  is  necessary.  The  former  of  these  can  be  catagorized  as  voltage- 
amplifier  and  preemphasis  units.  Monitoring  can  be  conducted  by 
means  of  rms  meters,  peak  level  detectors,  oscilloscopes,  oscillo¬ 
graph  chart  recorders,  etc.  In  some  equipment  items,  such  as  sound 
level  meters,  both  capabilities  of  signal  level  monitoring  and  output 
level  control  are  incorporated. 

Considering  first  the  voltage  gain /attenuation  stage  of  the  conditioning, 
the  most  important  objectives  are  to  adjust  the  signal  level  to  the 
required  recording  level  without  inducing  any  nonlinearity  or  distortion 
in  the  basic  signal  waveform,  and  to  identify  exactly  the  modified  sensi- 
tivitv  of  the  recorded  signal  such  that  the  input  and  reproduced  voltage 
levels  can  be  accurately  related  to  the  measured  sound  pressure  levels. 
The  former  obi  ctive  is  met  by  selection  of  an  amplifier  system  that 
has  frequency  response,  dynamic  range  and  distortion  characteristics 
compatible  with  the  signal  acquisition  requirements.  For  helicopter 
noise  data  the  frequency  range  requirements  can  be  met  by  the  use  of  a 
DC  amplifier  or  a  wide-band  voltage  amplifier  with  linear  response  from 
2  Hz  to  20  kHz.  Such  units  usually  have  amplitude  range  and  transient 
response  capabilities  in  excess  of  those  of  the  recorder  unit,  and  should 
be  checked  at  the  system-design  stage.  The  increments  of  level  adjust¬ 
ment  available  in  voltage  amplifiers  varies  with  model  type.  Models 
designed  specifically  for  acoustic  signal  applications  usually  have  10  dB 
stepped  increment  adjustments  of  gain  and  attenuation  over  a  total  range 
of  +  40  dB  (or  morel  relative  to  the  input  level.  Due  to  th^  problem  of 
optimizing  the  use  of  the  recorder  range,  a  stepped  increment  adjust¬ 
ment  capability  of  5  dB  is  most  desirable  for  helicopter  noise  processing. 
This  can  be  obtained  from  the  instrumentation  manufacturers  if  specifi¬ 
cally  requested.  The  most  common  method  of  identifying  the  recording 
sensitivity  is  to  set  a  specific  rms  voltage  recording  level  for  known 
acoustical  calibration  level  input  at  the  microphone,  and  to  note  the 
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change  in  gain /attenuation  setting  employed  during  the  helicopter  noise 
recording  test.  For  example,  a  calibration  equivalence  of  114  dBSPL. 
for  1  volt  rms  will  be  changed  to  84  dB  at  the  same  rms  voltage  if  the 
system  gain  setting  is  altered  by  +10  dB  (that  is,  3  increments  of 
+  10  dB).  This  method  is  satisfactory  but  should  be  periodically  supple¬ 
mented  by  an  absolute  sensitivity  check  due  to  the  possibility  of 
variances  induced  by  degradation  of  batteries  and  polarization  voltage, 
or  by  effects  of  meteorological  conditions. 

Preemphasis  in  signal  conditioning  is  essential  to  helicopter  noise  acqui¬ 
sition  when  the  sources  of  higher  frequency  noise  are  to  be  studied. 
Basically,  preemphasis  involves  a  frequency  dependent  weighting  of  the 
gain  applied  to  a  signal  prior  to  recording.  This  capability  is  currently 
being  introduced  to  acoustic  measui  ement  equipment,  but  requires  that 
compatible  deemphasis  equipment  be  available  at  the  reproduce/ 
analysis  stage,  or  the  interpretation  of  analyzed  data  must  take  the 
weighting  -  shape  into  consideration.  An  alternative  method  is  to  record, 
on  separate  recorder  channels,  the  basic  (unweighted)  signal  and  a  high 
pass  filtered  content  of  the  signal.  The  filtered  content  can  then  be 
amplified  to  a  -ecordable  level.  This  method  is  inefficient  due  to  the 
requirement  ol  two  data  channels  per  microphone  signal,  but  should  be 
used  if  preemphasis  systems  are  not  avails  Based  on  the  spectrum 

slope  shown  in  Figure  3,  a  suitable  cutoff  frequency  for  high  pass  fil 
tered  preemphasis  ui  helicopter  noise  acquisition  is  about  250  Hz.  Thus 
the  overall  rms  level  of  the  filtered  component  will  be  about  15  dB  to 
20  dB  lower  than  that  of  the  basic  (unfiltered)  signal,  and  should  be 
separately  amplified  to  an  optimum  recording  level.  It  is  important  that 
the  sound  pressure  level  equivalence  of  the  preemphasized  signal  be 
identified  separately. 

The  nature  of  helicopter  noise  creates  additional  problems  in  data  acqui¬ 
sition  due  to  occurrence  of  high  level  transients  on  the  basic  pulsatile 
“ignal.  A 3  these  transients  are  of  considerable  interest  >  i  helicopter 
noise  studies,  care  must  be  taken  to  include  them  in  the  data  record.  It 
is  therefore  necessary  to  inciude  at  least  two  types  of  signal  monitoring 
--  that  of  rms  level,  and  one  other  method  by  which  the  maximum  signal 
amplitude  can  be  noted.  Root  mean  square  monitoring  meters  are 
incorporated  in  most  signal  conditioning  systems.  Monitoring  of  the 
maximum  peak  amplitudes  in  a  signal  history  is  also  available  in  some 
sound  level  meter  systems  which  also  provide  output  level  control,  but 
oscilloscope  or  oscillograph  recorders  are  more  commonly  used.  The 
latter  method  allows  simultaneous  multichannel  monitoring  and  is 
preferred  for  the  piesent  case  where  separate  signal  conditioning 
adjustments  are  necessary  on  each  data  acquisition  channel.  By  setting 
reference  (peak)  levels  on  each  oscillograph  channel,  the  complete 


hi3tory  of  each  signal  to  be  input  to  the  tape  recorder  can  be  perma¬ 
nently  stored  on  chart-paper  for  examination  of  overloading  conditions 
and  appropriate  readjustment  of  the  gafn  settings.  In  hover  flight 
rases,  these  monitoring  and  adjustment  pi  oc  esses  oar.  be  conducted 
immediately  prior  to  tape  recording  the  noise,  while  the  helicopter  is 
maintaining  position.  In  flyover  cast's^  however,  manual  adjustment 
of  the  gain  settings  cannot  be  properlv  conducted  during  ibe  flight 
approach  and  pass.  The  most  satisfactory  practical  approach  to  this 
problem  is  to  conduct  a  preliminary,  noise  monitoring  flight  at  the 
required  flight  condition,  make  the  necossarv  cam  adjustments  during 
or  immediately  after  this  flight,  and  then  conduct  the  final  noise  data 
acquisition  flight  test.  While  it  is  known  that  differences  in  helicopter 
noise  occur  under  (attempted)  repeated  flight  conditions,  the  test  pro¬ 
cedure  described  above  has  been  found  to  provide  a  best  approach.  By 
also  monitoring  the  data  during  the  noise  acquisition  flights,  any  cases 
in  which  overload  conditions  are  encountered  can  be  identified  immed¬ 
iately  and  repeated.  '  ■ '  •* 

The  subject  of  gain-adjustment  (during  a  flight)  has  not  been  satisfac¬ 
torily  resolved  during  this  review.  Various  systems  of  automatic  gain 
control  ha'-e  been  considered  but  impose  severe  restrictions  on  the 
analysis  ,  cedures,  or  require  additional  data  tracks  for  gain-level 
recordings.  Further  detailed  study  01  automated  signal  conditioning 
for  helicopter  noise  recording  is  recommended. 
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4,  0  TEST  PROGRAM  AND  PROCEDURES 

4.  1  GENERAL  DESCRIP-!  ION 

The  noise  measurement  progr.  m  was  conducted  at  Camp  Pickett, 

Virginia,  during  the  period  from  September  23  to  November  9,  1970. 

Five  helicopter  types  were  examined: 

UH-1B 
OH-6A 
AH-  1G 
CH-47B 
CH-54A 

Noise  data  were  obtained  for  each  of  these  types  at  hover  and  flyover 
conditions  as  listed  in  Table  III.  A  measurement  array  comprising  five 
microphone  systems  was  used  in  the  program;  the  spatial  distribution 
of  these  systems  at  the  field  site  differed  for  hover  and  flyover  tests. 

An  ad  ilitional  free-field  microphone  with  high  sensitivity  was  used  in 
some  flyover  test  cases.  Radar  tracking  facilities  were  not  available 
during  the  program  and  a  simplified  procedure  for  time- relating  the 
helicopters'  flight  path  position  and  the  noise  records  was  used. 

Flight  cabin  instrumentation  data  were  logged  during  each  noise  measure¬ 
ment  flight.  Meteorological  and  ambient  noise  data  v-ere  obtained  at 
suitable  time  intervals  during  each  day  of  the  test  program. 


4.2  FIELD  ARRANGEMENT  OF  MICROPHONES 

Two  arrangements  of  microphone  locations  were  marked  out  at  the  Camp 
Pickett  site,  as  illustrated  in  Figure  6.  These  positions  were  located 
by  the  use  of  measurement  chains  and  a  surveying  transit.  The  hover 
array  was  located  relative  to  a  hover  point  ground  marker  near  the 
intersection  of  runways  21  and  26  and  comprised  three  microphones  at  a 
radius  of  2000  leet  and  two  microphones  at  a  radius  of  3000  feet  from 
this  marker.  The  numeric  identification  of  these  units  is  indicated  in 
Figure  6(a).  The  reference  azimuth  adopted  for  the  hover  tests  was  along 
the  line  parallel  to  runway  21,  through  the  hover  point  ground  marker. 

The  hover  array  allowed  noise  measurements  at  15-degree  increments 
at  a  2000-foot  radius,  and  at  22.  >-degree  increments  at  a  3000-foot 
radius. 
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TABLE  III.  SUMMARY  OF  NOISE  MEASUREMENT  CONDITIONS 


x 


Helicopter 

Type 

Flight  Conditions 

Altitude  (ft)  Velocity  (kts) 

200 

60 

100 

UH-1B 

500 

H 

60 

100 

1000 

H 

60 

100 

200 

60 

100 

OH-6A 

500 

- 

60 

100 

1000 

H 

60 

100 

AH-  1G 

200 

70 

150 

500 

H 

'70 

150 

1000 

- 

70 

150 

200 

60 

100 

CH-47B 

500 

K 

60 

100 

1000 

H 

60 

100 

200 

_ 

60 

100 

CH-54A 

500 

H 

60 

100 

1000 

- 

- 

The  microphone  array  for  the  flyover  program  consisted  of  four  micro¬ 
phones  located  along  a  line  normal  to  the  flight  path  ground  trace,  and 
a  center  unit  displaced  from  this  line  by  a  distance  of  100  feet.  As 
shown  in  Figure  6(bl,  the  outer  units  were  at  a  distance  of  1  500  feet 
from  the  center  marker  and  the  inner  units  were  displaced  by  500  feet 
from  this  marker.  Signal  cables  connected  each  of  the  microphones  to 
the  field  terminal  equipment  which  was  contained  in  a  van  located 
about  150  feet  from  the  center  microphone. 

4.  3  INSTRUMENTATION 

A  schematic  illustration  of  the  instrumentation  used  in  the  measurement 
program  is  presented  in  Figure  7.  A  complete  listing  is  included  in 
Table  IV.  The  field  microphone  systems  and  signal  conditioning  equip¬ 
ment  were  supplied  as  Government-furnished  equipment  by  NASA 
Langley  Research  Center  for  this  program.  The  noise  signals  from 
microphone  nos.  1  to  5  were  input  via  the  conditioning  units  to  channels 
5  to  9  respectively  of  a  14-channel  FM  tape  recorder.  Branch  signal 
lines  from  microphone  nos.  4  and  5  were  input  to  a  high-pass  filter  of 
250  Hz  cutoff.  The  filtered  signals  were  then  suitably  amplified  prior 
to  input  to  channels  10  and  11,  respectively,  of  the  tape  recorder.  Sig¬ 
nal  monitoring  was  conducted  by  means  of  the  sound  level  meters,  an 
rms  voltmeter,  an  oscilloscope  and  an  oscillograph  recorder.  The 
latter  measurement  system  was  then  assembled  (including  cables*  and 
end-to-end  check-out  and  calibration  were  conducted  by  both  acoustical 
input  and  insert  voltage  methods.  The  signal  input  at  each  microphone 
was  recorded  on  the  allocated  channel  of  a  calibration  magnetic  tape. 
These  signals  included  a  constant  amplitude,  swept  frequency  insert 
voltage  over  the  range  2  Hz  to  20  kHz,  and  square  wave  signals  of 
10  Hz  and  50  Hz  frequency.  The  acoustic  input  comprised  114  dBSPL 
signals  at  125,  250,  500,  1000  and  2000  Hz  respectively. 

4.4  TEST  PROCEDURES 
4.4.1  Field  Calibration 

Field  calibration  was  conducted  by  means  of  Sound  Level  Calibrators, 
providing  an  acoustical  input  of  1  14  dBSPL  of  frequencies  at  2000,  1000, 
500,  250  and  125  Hz  respectively  to  each  microphone.  The  signal  level 
input  to  the  tape  recorder  was  adjusted,  for  each  channel,  to  be  1  volt 
rms  at  the  1000  Hz  frequency.  The  calibration  tones  were  then 
recorded  on  the  data  tracks  allocated  to  each  microphone,  preceding  the 
helicopter  noi3c  records.  The  settings  of  all  conditioning  amplifiers 
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Figure  7.  Schematic  of  Noise  Measurement  Instrurnentat 


TABLE  TV,  LISTINGS  OF  EQUIPMENT  ITEMS  FOR  HELICOPTER 
NOISE  MEASUREMENTS 


T  r ipod /Stand 

BJ.K  41  34  Microphono  Cartri  lee 

B&K  4145  Microphone  Cartridge 

B&K  141A  Field  Microphone  System 

HP  151  19A  Fet  Preamplifier 

HP  15127A  Cable  Amplifier 

B&K  140-3AM  Input  Amplifier  Set 

HP  806i.A  Sound  Level  Meter 

Krohn-Hite  High  Pass  Filter  (2  channelsl 

Elec.  Insts.  A20B-2  Voltage  Amplifiers 

Sangamo  3500  14  channel  FV.  Tape  Recorder 

B8.-K  1022  Oscillator 

Bf.K  2112  Spectrometer 

B&K  2305  Level  Recorder 

Astrodata  7190-105  Time  Code  Generator 

B&K  2203  Portable  Sound  Level  Meter 

PS207  7  channel  I'M  Tape  Recorder 

1600  foot  Beldon  845  1  Cable  (or  equivalent! 

600  foot  Beldon  8451  Cable  (or  equivalent) 

500  foot  Beldon  8403  Cable  (or  equivalent) 

100  foot  Beldon  8403  Cable  for  equivalent) 

Scotch  (317)  870- 1 -2500-IR  Instrumentation  Magnetic  Tape 

CEC  219305  T  pr  Instrumentation  Magne  tic  Tape 

Gr  1  562-A  Sound  Level  Calibrator 

BkK  Pistonphone  4220 

Movie  Camera  k  Tripod, 

12  volt  DC  batteries  (80  amp.  hrs.  ) 

12  volt  DC  batteries  (220  amp.  hrs.  ) 

275  watt  Terado  Inverter 
1000  watt  Topaz  Inverter 
Tektronix  321  A  Oscillosc  ope 
Simpson  260  VOM 
Allied  Transceiver  (2  watt) 

CEC  5124  Oscillograph  Recorder 
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were  1<  gged  anti  used  as  reference  settings  for  the  noise  acquisition 
tests.  Post -flight  calibration  checks  were  conducted  on  all  system 
channels  but  were  not  recorded  on  the  data  tapes. 

4.4.2  Ambient  Noise  and  Meteorological  Data  Recording 

Ambient  noise  data  were  recorded  on  the  noise  data  tapes  at  approxi¬ 
mately  2-hour  intervals  during  each  acquisition  program. 

Meteorological  data  pertaining  to  conditions  at  the  measurement  site 
were  received  from  the  FAA  Flight  Service  Station  for  each  hour  of  each 
noise  acquisition  period. 

4.4.3  Hover  Test  Procedures 

The  microphones  were  located  relative  to  a  ground  marker  as  shown  in 
Figure  6(a).  Each  microphone  was  mounted  at  a  height  of  approximately 
4  feet  above  ground  level,  and  was  oriented  with  its  axis  horizontal  and 
with  its  grazing  incidence  plane  through  the  hover  point.  Each  helicop¬ 
ter  was  required  to  hover  directly  over  the  ground  marker  at  a  specified 
altitude.  The  helicopter  orientation  at  that  position  was  first  required 
to  be  parallel  to  runway  21,  that  is,  with  its  forward  axis  in  the  direc¬ 
tion  of  microphone  nos.  1  and  2.  Noise  data  was  then  acquired  on  the 
oscillograph  recorder  for  all  filtered  and  nonfiltered  channels.  The 
conditioning  amplifiers  were  then  adjusted  by  step  (10  dB )  increments 
until  the  maximum  peak  amplitude  of  each  signal  was  just  within  the 
1.  4-volt  recording  limit.  All  amplifier  settings  were  noted  in  the  data 
log,  and  a  30-second  recording  of  the  helicopter  noise  was  obtained  on 
the  magnetic  tape. 

This  procedure  was  repeated  for  each  of  eight  orientations  of  the 
helicopter  relative  to  the  ground  reference.  All  data  obtained  at  each 
altitude  was  recorded  or.  a  separate  (?.S00-foot  length)  magnetic  tape. 

The  hover  noise  data  recorded  corresponds  to  the  noise  signature  of  the 
helicopter  at  15-degroe  azimuthal  increments  on  a  ground  radius  of 
2000  feet  from  the  hover  point,  and  at  22.5-degree  azimuthal  incre¬ 
ments  on  a  (ground)  radius  of  3000  feet  from  the  hover  point. 

4.4.4  Flyover  Test  Procedures 

T  he  microphone  array  was  positioned  as  shown  in  Figure  b(b).  Each 
microphone  was  mounted  at  a  height  of  approximately  4  feet  above 
ground  level  with  its  polar  orientation  set  siieh  that  the  intended  flight 
noth  of  the  helicopter  would  he  in  the  grazing  incidence  plane  of  the 
rr : :  c  r ophone . 
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Radar  tracking  facilities  were  not  available  during  this  measurement 
program,  and  an  alternative  method  of  recording  the  helicopter's  posi¬ 
tion  was  employed.  This  method  used  ground  markers  positioned 
directly  under  the  flight  path,  at  approach  distances  of  10,000  feet, 

2,000  feet  and  1,000  feet  from  the  center  (reference)  of  the  microphone 
array,  and  at  down-path  distances  of  1 , 000  feet  and  3,  300  feet  from  the 
reference  point  as  shown  in  Figure  8.  During  the  noise  recordings  ,  the 
instant  of  flyover  at  each  of  the  ground  marker  positions  was  communi¬ 
cated  to  the  recording  terminal  and  input  as  a  10-dB  change  in  level  of 
a  1000  Hz  oscillator  signal  to  channel  2  of  the  magnetic  tape.  This 
oscillator  signal  code  is  illustrated  relative  to  the  flight  path  positive 
in  Figure  8. 

For  each  specified  altitude  and  velocity  condition,  the  "data-recording" 
flight  was  preceded  by  at  least  one  preliminary  flight  at  identical  con¬ 
ditions.  During  the  preliminary  flight,  signal  monitoring  was  conduc¬ 
ted  by  means  of  the  oscillograph  recorder  as  desc  ribed  in  Section  3.4. 
The  conditioning  amplifiers  were  then  adjusted  such  that  the  maximum 
peak  amplitude  of  each  signal  would  not  exceed  the  1.4  volt  limit,  and 
these  amplifier  settings  were  noted  in  the  data  log. 

In  "data  -  recording"  flights,  noise  data  acquisition  on  the  magnetic  tape 
commenced  when  the  helicoptdr  was  at  an  approach  distance  of  approxi  ¬ 
mately  12,000  feet  from  the  microphone  array  reference  position,  and 
terminated  when  noise  data  had  been  acquired  over  a  flight  path  of 
approximately  17,000  feet. 

On-line  monitoring  of  the  signals  during  data  recording  was  conducted 
by  means  of  the  oscillograph  recorder  and  sound  level  meters. 

This  procedure  was  repeated  for  all  flyover  conditions. 

All  data  recorded  on  each  day  of  the  measurement  program  was  reviewed 
for  signal  limiting  characteristics  prior  to  program  continuation. 


4.  5  REVIEW  OF  TEST  PROGRAM 

The  following  comments  are  based  on  the  problems  experienced  during 
the  program  which  should  be  anticipated  and  allowed  for  in  future  simi¬ 
lar  programs.  Although  some  of  these  findings  may  appear  trivial, 
their  influence  on  a  field  test  schedule  and  the  quality  of  performance  is 
notable. 


1. 


A  noise  measurement  site  must  be  carefully  selected.  For  the 
present  program,  the  Camp  Pickett  site  was  chosen  because 
of  its  convenient  location,  its  relative  inactivity,  and  its 
reputed  low  ambient  noise  environment.  A  preliminary  visit  to 
the  site  appeared  to  confirm  its  suitability  to  the  program, 
except  for  its  lack  of  radar  facilities.  However,  the  actual  pro¬ 
gram  was  regularly  interrupted  as  a  result  of  other  military 
activities  at  the  site  and  by  unacceptable  ambient  noi3e  levels 
due  to  a  seasonal  increase  in  local  industrial  operations. 

2.  The  lack  of  permanent  radar  facilities  at  the  site  and  the  non¬ 
availability  of '^Kibstitute  mobile  tracking  equipment  precluded 
an  adequate  resolution  of  the  helicopter  flight  path  coordinates. 
The  use  of  motion-photography  was  intended  to  supplement  the 
ground-marker /oscillator  code  procedure  but  was  discontinued 
due  to  the  rescheduling  of  flyover  tests  to  evening  periods.  It  is 
recommended  that  radar  tracking  be  available  in  future  noise 
measurement  programs  on  Army  helicopters. 

3.  The  reliability  of  power  supply  equipment  was  found  to  be 
unsatisfactory,  although  care  was  taken  to  make  adequate 
allowance  for  transient  loads,  etc.  Power  failures  occurred 
mainly  when  ambient  (field)  temperatures  were  over  80°F  and 
could  only  be  attributed  to  the  high  temperature  conditions,  as 
subsequent  laboratory  inspections  indicated  no  system  faults. 

Four  solid-state  inverters  were  available,  one  1000-watt  unit 
and  three  500-watt  ui  it  .  Failures  occurred  on  three  of  these 
units . 

4.  Three  of  the  microphone  systems  had  a  polariiation  voltage 
capability  of  28  volts  only  at  the  commencement  of  the  program. 
This  was  found  to  be  unsatisfactory  in  terms  of  sensitivity,  and 
as  modification  units  were  not  available,  a  "field  -fix"  to 
achieve  200-volt  capability  was  adopted. 

5.  In  FM  recording  of  oscillatory  signals,  the  problem  of  DC 
offset  is  'well  known,  the  capability  of  compensating  for  such 
offset  at  the  amplifier  stage  was  often  found  to  be  inadequate, 
and  interchanging  of  the  amplifier  sets  was  necessary,  E  .ch 
change  was  followed  by  a  recalibration  of  the  system. 
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5.0  DATA  ANALYSIS 

For  security  reasons,  the  signature  data  acquired  during  the  helicopter 
noise  m^surement  program  are  classified  as  Confidential.  A  compila¬ 
tion  of  the  reduced  data  and  a  description  of  the  analysis  methods  used 
are  therefore  presented  under  separate  cover  as  Volume  II  of  this  report. 
For  completeness,  however,  a  brief  description  of  the  analysis  methods 
is  included  in  this  volume  and  illustrative  examples  of  uncalibrated  re¬ 
duced  data  obtained  by  these  methods  are  presented.  It  must  be  empha¬ 
sized  that  these  examples  are  not  replica  of  the  Volume  II  data  and  there¬ 
fore  must  not  be  regarded  as  accurate  representations  of  the  noise  signa¬ 
ture  of  the  helicopter  types  examined. 

Two  forms  of  analyses  are  discussed  --  narrow  bandwidth  analysis  of  the 
hover  noise  signals*  and  real-time  1/3  octave  band  analyses  of  the  hover 
and  flyover  noise  records.  A  b^ief  outline  of  each  of  these  methods  is 
given  in  the  following  subsections. 

5.  1  SELECTIVE  NARROW  BAND  ANALYSIS 

A  typical  example  of  the  spectrum  obtained  by  this  method  is  shown  in 
Figure  9.  This  analysis  was  conducted  by  means  of  a  digital  processing 
procedure  based  on  the  "Fast  Fourier  Transform"  algorithm  which  allows 
the  rapid  evaluation  of  the  discrete-Fourier  transform  of  a  digitized  data 
set.  In  the  prlfcent  applications,  the  program'  is  designed  to  produce  a 
power  spectral  density  of  the  time  function,  from  which  the  mean  square 
value  of  the  function  in  ieach  of  a  series  of  narrow  bandwidth  increments 
is  calculated  and  converted  to  sound  pressure  level  estimates  by  the 
usual  calibration  and  loghrithmic  operations.  A  further  refinement  of 
the  program  is  its  ability  to  operate  on  the  data  with  a  selected  constant 
frequency  resolution  in  each  of  five  frequency  bands,  subdividing  the 
total  frequency  range  of  interest.  The  chosen  band  limits  and  corres¬ 
ponding  resolution  (narrow)  bandwidths  employed  for  the  helicopter  noise 
data  are  given  in  Table  V. 


| TABLE  V.  SELECTIVE  BANDWIDTHS  USED  IN  DATA  ANALYSIS 

Frequency  Band  (Hz) 

Resolution  Bandwidth  (Hz) 

0  -  500 

1.6 

500  -  1000 

3.0 

1000  -  2500 

6.0  . 

2500  -  5000 

12.0 

5000  -  15000 

25.0 

Rotor  Harmonic! 


The  use  of  approximate  octave  band*  to  subdivide  the  total  (requeue? 
range,  and  the  corresponding  doubling  of  the  resolution  bandwidth  are 
inherent  requirements  of  this  particular  application  of  the  fast  Fourier 
transform  routine.  However,  it  is  notable  that  these  requirements  can 
be  particularly  well  adapted  to  the  helicopter  noise  analysis  case  where 
a  bandwidth  of  die  order  of  3  Hz  is  desirable  to  resolve  the  low  fre¬ 
quency  main  rotor  harmonics  from  10  Hz  to  1000  Hz,  but  is  unnecessary 
(and  extravagant  in  terms  of  computation  time)  at  higher  frequencies. 

The  resolution  bandwidth  and  the  accuracy  of  the  spectral  estimates  are 
dependent  on  the  sampling  (digitization)  rate  used  in  the  analog  to  digital 
conversion  and  on.  the  number  of  discrete  transform  points  used  in  the 
digital  (numerical)  processing.  The  present  program  is  designed  such 
that  the  resolution  is  as  specified  in  Table  V,  and  the  statistical  accuracy 
of  the  data  is  maintained  relatively  constant  over  the  entire  frequency 
range.  This  is  achieved  by  defining  the  highest  sampling  rate  to  provide 
the  required  "equivalent  statistical  degrees  of  freedom"  for  the  analysis 
of  the  highest  frequency  component  of  interest  (in  the  present  case, 

15  kHz),  and  by  ensuring  that  the  number  of  degrees  of  freedom  is  main¬ 
tained  constant  by  using  the  same  number  of  transformation  points  in 
each  band  and  by  reducing  the  sampling  rate  in  the  lower  frequency  bands. 
The  basic  result  of  these  manipulations  of  the  numerical  procedures  is 
that  the  statistical  degrees  of  freedom  of  the  analysis  are  approximately 
equal  to  iQ  in  all  bands,  which  gives  an  accuracy  of  within  1  dB  for  the 
harmonic  content  and, within  +_  1 . 5  dB  for  the  random  noise  content  of  the 
Bpectrun^.'  As  shown  in  Figure  9,  the  analysis  gives  a  clear  indication 
of  the  predominant  noise  components  of  the  helicopter  noise  spectrum, 
which  are  the  main  and  tail  rotor  harmonics. 

This  method  of  analysis  has  been  applied  to  all  hover  noise  data  records 
obtained  at  a  ground  radius  of  2000  feet  from. the  hover  point,  for  each 
helicopter  type.  The  resulting  spectra  are  presented-ih  Volume  II  of 
this  report. 

5.2  REAL-TIME  1/3  OCTAVE  BAND  ANALYSIS 

In  this  analysis,  the  analog  signal  acquired  from  the  magnetic  tape  is 
input  to  a  bank  of  aitolog  1/3  octave  filters  covering  the  frequency  range 
from  12.  5  Hz  to  10  kHz.  The  outputs  of  these  filters  are  patched,  in 
ascending  frequency  order,  into  a  multiplexer-analog  to  digital  conver¬ 
ter  which  is  operated  in  a  random  sampling  mode  at  predetermined 
sampling  rates  for  each  frequency  band.  The  digital  data  processing  is 
then  constrained  to  the  determination  of  sums  and  sums  of  square  of 
each  sample  set  for  each  band.  These  values  are  then  stored  on  tape  as 
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an  array  of  data  representing  the  i/3  octave  band  levels  of  the  signal  at 
1/2- second  real-time  intervals  over  the  desired  noise  record  history. 

A  secondary  processing  of  these  stored  data  applies  the  appropriate 
calibration  and  logarithmic  operations  to  provide  an  output  of  1/3 
octave  band  sound  pressure  levels,  anS  the  overall  sound  pressure  level 
calculated  from  these,  at  1/2-second  time  intervals  of  the  noise  history. 


In  the  present  analysis,  an  additional  multiplexer  channel  was  allocated 
to  the  processing  of  the  oscillator -code  level  recorded  on  the  analog 
data  tape  to  indicate  the  position  of  the  helicopter  along  the  flight  path. 
As  the  oscillator  signal  comprised  a  stepped- level  1000  Hz  tone,  the 
amplitude  of  this  tone  is  denoted  in  the  real-time  analysis  output  simply 
as  an  alphanumeric  indicator  and  is  used  to  define  the  "instants"  of  the 
reduced  data  records  at  which  the  aircraft  was  directly  overhead  of  the 
ground  markers,  as  described  in  Section  4.4. 


This  processing  has  been  applied  to  10- second  time  periods  of  the  hover 
noise  data  records  and  to  sufficiently  io'ig  time  intervals  of  the  flyover 
noise  records  to  provide  a  description  of  Che  approach  and  flyover  noise 
signature  of  each  helicopter  type  at  each  flight  altitude  and  velocity. 
Typical  examples  of  the  tabulated  data  obtained  by  this  analysis  method 
are  presented  in  Tables  VI  and  VII  for  the  hover  and  flyover  cases 
respectively. 

Complete  tabulations  of  the  real-time  data  have  been  retained  for  data¬ 
bank  storage  at  the  Euatis  Directorate  of  the  Army  Air  Mobility  Research 
and  Development  Laboratory,  Fort  Eustis.  Virginia. 

To  aid  the  interpretation  of  such  real-time  data  obtained  from  microphone 
array  measurements  of  flyover  noise  histories,  a  computer  program  was 
developed  to  evaluate  and  plot  spatial  noise  contours  of  th<*data.  One  of 
these  contours,  obtained  from  helicopter  noise  data,  is  shown  in  Figure 
10.  In  this  illustration,  the  overall  sound  pressure  level  is  used  as  the 
dependent  variable.  However,  it  waq  found  that  the  random  occurrence 
of  transient  spikes  in  the  recorded  signal  content,  and  the  effects  of  the 
helicopter  noise  directivity,  created  numerous  problems  in  deriving  a 
satisfactory,  general,  computer  program  that  would  be  applicable  to  all 
helicopter  types.  It  is  considered  that  the  contour-plot  method  of  pre¬ 
senting  helicopter  noise  data  is  better  suited  to  such  variables  as  loud¬ 
ness  level,  equivalent  perceived  noise  level,  detection  distance,  or  other 
subject^/? evaluation  scales,  than  to  the  unweighted  sound  pressure  level 
which  has  very  little  interpretive  potential.  It  is  also  considered  that  the 
problems  encountered  in  the  contour -plot  analyses  can  be  overcome  by  a 
more  detailed  study  of  the  effects  mentioned  above,  than  was  envisioned 
in  the  present  scgge  of  work. 
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GROUND  CONTOURS  OF  OVERRLL  SOUND  PRESSURE  LEVEL 


Figure  10.  Contour  Plot  of  Real-Time  Analyzed  Flyover  Noise  Levols 


6.0  SUMMARY 


A  review  of  Acoustic  instrumentation  and  noise  measurement  require¬ 
ments  has  been  conducted  to  determine  a  practical,  standardised 
approach  to  the  acquisition  of  noise  data  of  Army  helicopters.  Based 
on  this  review,  a  preliminary  noise  measurement  procedure  was  de¬ 
fined  and  applied  in  a  test  program  for  the  acquisition  of  noise  data' from 
five  Army  helicopters.  The  tests  were  conducted  for  hover  and  flyover 
modes  of  operation  of  each  helicopter.  Three  methods  of  data  analysis 
have  been  applied  to  Hie  noise  records,  and  typical  results  are  included 
in  this  volume.  These  analyses  were  (1)  narrow  band  spectral  analysis 
of  hover  noise  records,  (2)  real-time  1/3  octave  band  analysis  of  both 
hover  and  flyover  noise  data,  and  (3)  ground- plane  contour  plotting  of 
the  real-time  analysed,  flyover  noise  dat^.  Of  these,  only  the  contour 
plotting  was  found  to  be  problematic  for  helicopter  noise  data  due  to 
more  frequent  fluctuations  of  the  overall  sound  level  histories  than 
were  expected.  The  data  obtained  by  the  1/3  octave  band  and  narrow 
band  analyses,  and  the  magnetic  tapes  containing  the  original  sound 
recordings,  are  retained  for  storage  at  the  Eustia  Directorate. 

As  a  result  of  the  reviews  and  field  tests  conducted  during  this  program, 
a  draft  acoustic  measurement  specification  for  baseline  noise  measure¬ 
ments  of  Army  helicopters  has  been  compiled^ This  draft  specification 
is  presented  in  full  in  Section  7.  0  of  this  report. 
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7.0 


DRAFT  ACOUSTIC  MEASUREMENT  SPECIFICATION  FOR 
BASELINE  NOISE  MEASUREMENT  OF  ARMY  HELICOPTERS 


7.  1  PURPOSE 


The  purpose  of  this  specification  is  to  define  basic  procedural  require¬ 
ments  in  the  measurement  of  Army  helicopter  noise  data,  such  that  the 
data  obtained  from  different  programs  will  be  comparable  in  accuracy 
and  compatible  in  acquisition  and  storage  format.  It  is  the  intention  of 
this  specification  to  allow  sufficient  flexibility  in  the  procedural  require¬ 
ments  to  permit  advanced  in strume nation  techniques  to  be  employed,  as 
they  become  available.  The  specification  is  therefore  aimed  at  such 
aspects  of  field  noise  measurements  as  determine  the  capability  of 
direct  comparison  of  data  obtained  from  different  helicopters  in  various 
flight  modes.  Recommendations  on  data  analysis  are  made  only  with 
respect  to  providing  a  basic  reduced-data  compilation  for  storage  with 
the  analog  recording  tapes.  These  reduced  data  are  not  intended  to  be  a 
complete  interpretable  description  of  the  helicopter  noise  field.  It  is 
intended  that  they  will  provide  an  accurate  assessment  of  the  1/3  octave 
band  frequency  content  of  each  of  the  acquired  noise  records,  which  may 
be  used  as  a  comparative  check  on  later  detailed  analyses,  or^corrected 
for  atmospheric  conditions  for  use  in  later  noise  evaluations  based  on 

such  1/3  octave  band  data. 

. 

The  following  requirements  are  the  BASIC; and  MINIMUM  requirements 
of  field  measurement  programs  to  acquire  Army  helicopter  noise  data 
for  repository  storage  at  the  Eustis  Directorate  of  the  Army  Air 
Mobility  Research  and  Development  Laboratory,  Fort  Eustis,  Virginia. 
Additional  requirements,  on  data  acquisition,  directed  toward  the  needs 
of  specific  research  or  monitoring  applications,  are  not  considered  in 
this  document  and  will  be  specified  separately  for  each  measurement 
program. 


7.  2  GENERAL  DESCRIPTION 

The  following  items  of  noise  measurement  procedures  are  covered  by 
this  document: 

1.  Basic  measurement  equipment,  placement  at  the  measurement 
site,  system  calibration  and  field  signal  calibrations,  required 
system  accuracy 
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/  2.  Helicopter  hover  and  flyover' flight  conditions,  noise  data 

monitoring  and  recording  requirements,  helicopter  tracking  j 
methods  and  synchronization  with  noise  data 

3.  Flight  identification  and  site  meteorological  data  requirements 


4.  Analysis  requirements  for  hasic  repository  storage  of  reduced 
data 

»  1 

/ 

i  5 ./  Storage  format  of  noise  and  identification  data.  < 


7.3  FIELD  MEASUREMENT  EQUIPMENT 


7.  3.  1  Microphone  Systems 


A  minimum  of  Five  microphone  systems  will  be  employed  to  acquire 
noise  data  at  five  remote  field  stations.  Each  microphone  system  will 
be  comprised  of: 


A  microphone  assembly  capable  of  measuring  helicopter  noise 
within  desired  accuracies,  as  specified  in  Section  7.  3.4. 


2.  A  tripod  or  similar  provision  for  mounting  the  microphone  at 
a  height  of  approximately,  4  feet  above  ground  level. 


3.  A  microphone  windscreen  with  minimum  interference  effects 
on  the  grazing-incidence  sound  measurement  capabilities  of 
the  microphone  system.  Corrections  for  any  insertion  loss 
produced  by  the  fcrindscreen  must  be  defined  as  a  function  of 
frequency  for  grazing  incidence  sound  impingement. 


•4.*-  An  acoustic  calibrator  unit  to  supply  an  acoustical  input  of 
known  amplitude  and  frequency  to  the  microphone  transducer 
element.  ; 
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Signal-carrying  equipment  (cable  or  other)  to  provide  a  means 
of  transmitting  the  acquired  (noise)  analog  signal  to  suitable 
monitoring,  conditioning  and  recording  facilities  while  retain¬ 
ing  the  required  overall- measurement  accuracies  and  capa¬ 
bilities.  V 


7.3.2  Signal  Conditioning  and  Recording  Systems 


( 

\ 


1.  The  sound  produced  by  the  aircraft  will  be  recorded  in  such  a 


V/ 


'  manner  thafa^omplfete  time  history  of  each  measured  sound 
signal,  within  the  frequency  and  amplitude  limits  specified 
in  Section  7.  3.  4  and  7.4.4,  is  retained  on  magnetic  tape. 

2.  Single  carrier  FM  recording  will  be  used  for  each  sound  sig¬ 
nal,  with  Intermediate  Band  electronics  and  60  ips  tape 
transport  speed  in  compliance  with  IR IG  Telemetry  Standards 
Document  106-69  (revised  February,  1969). 

3.  A  gain/attenuation  system  will  be  used  to  provide  a  suitable 
adjustment  of  each  signal  level  input  to  recorder  such  that 
the  recording  accuracy  is  retained  throughout  the  sound  his¬ 
tory,  as  specified  in  Sections  7.  3.  4  and  7.  4. 4. 

4.  Signal  monitoring  equipment  will  be  used  to  ensure  that  sensing 
and  recording  accuracies  are  maintained  during  the  noise 
measurement  program. 

5.  At  least  two'of  the  noise  records  will  also  be  conditioned  by 
pre-emphasis  of  frequencies  about  1000  Hz,  by  one  of  the 
following  methods: 

(a)  A  frequency-linear  gain  adjustment  of  a  branched,  high 
pass  filtered  content  of  the  signal. 

(b)  A  frequency -weighted  gain  adjustment  of  the  basic  signal 
prior  to  recorder  input. 

Each  of  the  above  methods  must  allow  for  corresponding  de - 
emphasis  of  the  signals,  on  reproduction,  by  commercially 
available  equipment. 

6.  A  means  of  recording  an'IRIG  B  standard  time  code  will  be 
employed  for  synchronization  of  helicopter  noise  and  flight 
position  tracking  data. 

7.  3.  3  Calibration 


1.  Each  microphone  will  be  calibrated  for  grazing  incidence 

response,  over  a  frequency  range  of  5  Hz  to  15  kHz,  according 
to  ASA  Standard  51;  10  -  1966,'tss-the  latest  revision  thereof. 

r  / 

The  complete  measurement  and^krtording  system  must  be  sub¬ 
jected  to  a  frequency  and  amplitude  electrical  calibration  by 
the  use  of  a  swept -frequency  sinusoidal  insert  voltage,  over 
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the  range  5  Hz  to  15  kHz,  at  known  levels  covering  the 
expected  measurement  dynamic  range.  The  signal  inp 
each  microphone  assembly  will  be  transmitted  through 
system  (including  field  cables)  and  will  be  recorded  on 
netic  tape  for  system  accuracy  verification  purposes. 


the 

input  it 
ugh  the 
l  on  |nag> 


3.  Immediately  prior  to  and  after  eacntest  period,  and  at  least 
once  on  each  noise  data  magnetic  tape,  an  acoustic  calibration 
signal  will  be  recorded  in  the  field  for  the  purposes  of  check¬ 
ing  system  sensitivity  and  to  provide  an  acoustic  reference 
level  for  analysis  of  the  sound  data. 

4.  The  ambient  noise,  including  both  acoustical  background  and 
electrical  noise  of  the  measurement  system,  must  be  recorded 
in  the  test  area  with  the  system  gain  set  at  levels  appropriate 
to  the  helicopter  noise  measurement  range. 


7.  3.4 


rstem  Accuracy 


The  frequency  response  of  each  microphone  to»a  sensibly 
plane  progressive  sinusoidal  wave  of  constant  amplitude,  at 
grazing  incidence  to  the  microphone  face,  must  lie  within  the 
following  limits: 


10  Hz  to  19  kHz  , 
5  Hz  to  1 5  kHz  , 


linear  1  dB 
linear  4  2  dB 


for  sound  pressure  levels  in  the  range  50  to  120  dBSPL. 

\ 

Windscreen  correction  factors  must  be  predetermined  as  a 
function  of  frequency  to  an  accuracy  of  within  j_  1  dB  for 
grazing  incidence  sound  field  impingement. 

Each  complete  ^assembly  of  noise  measurement  and  recording 
equipment  (including  cable)  will  have  an  electrical  frequency 
response  linearity  of  within^ 

+  2dB  from  5  Hz  to  15  kHz 

for  a  range  of  signal  voltage  levels  corresponding  to  input 
sound  levels  of  50  dB  to  120  dBSPL  at  the  microphone  sensor. 

The  total  harmonic  distortion  of  the  sound  sensing  microphone 
equipment  will  not  exceed  1%  over  the  required  measurement 
dynamic  range.  * 
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5.  The  total  harmonic  distortion  of  the  assembled  noise  measure¬ 
ment  and  recording  equipment  will  not  exceed  4%  over  the 
required  measurement  dynamic  range. 


7.4  FIELD  MEASUREMENT  TECHNIQUES 
7. 4.  1  Test  Site  Conditions 


1.  Locations  for  measuring  noise  from  the  helicopter  in  flight 
must  be  surrounded  by  relatively  flat  terrain  having  no 
excessive  sound  absorptive  or  obstructive  characteristics 
(such  as  tall  buildings  or  trees)  between  the  aircraft  and  sound 
sensing  equipment,  within  the  measurement  flight  path  range. 
Significant  sound  reflection  from  equipment  accessories  or 
nearby  buildings  must  be  avoided  at  the  microphone  locations. 

2.  The  tests  must  be  carried  out  under  the  following  weather 
conditions: 

(a)  No  rain  or  other  precipitation. 

(b)  Relative  humidity  not  higher  titan  90%  or  lower  than  30%. 

(c)  Ambient  temperature  not  above  86°  F  and  not  below  41°  F 
at  10  meters  above  ground. 

(d)  Wind  velocity  not  above  10  kts  at  each  microphone  unit, 
and  cross  wind  component  not  above  5  kts  at  10  meters 
above  ground  level. 

(e)  No  temperature  inversion  or  anomolous  wind  conditions 
that  would  significantly  affect  the  noise  level  of  the  air¬ 
craft  as  measured  at  each  microphone  location. 

(f)  No  excessive  wind  conditions  at  flight  altitude  that  would 
significantly  affect  the  performance  and  yaw  condition  of 
the  helicopter  in  hover  and  flyover  operations. 

7. 4. 2  Helicopter  Flight  Conditions  v  •* 

1.  Noise  measurements  are  required  for  bover  and  flyover  modes 
of  operation. 
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2.  Helicopter  noise  measurements  should  be  obtained  for  flyover 
altitudes  of  200  feet,  500  feet,  and  1000  feet. 

3.  Two  flyover  velocities  shottld  be  examined  at  each  altitude. 
Preferred  velocities  are  60  or  70  knots  and  100  or  150  knots, 
respectively,  whichever  best  approximates  to  60%  and  100% 
of  maximum  range  cruise  condition. 

-*4 

I  4.  The  minimum  straight  and  level  flight  range,  over  which  noise 
measurements  will  be  obtained,  should  be  15,000  feet.  The 
minimum  straight  and  level  approach  distance  should  be  10.000 
feet,  relative  to  the  center  of  the  microphone  array.  A  pass 
range  of  at  least  3,000  feet  is  preferred. 

• 

5.  Hover  noise  measurements  should  be  conducted  at  two  altitudes. 
Altitudes  of  500  feet  and  1000  feet  are  preferred.  At  each 
hover  altitude,  the  aircraft  should  attain  eight  orientations 
relative  to  a  chosen  reference. 

7.4.3  Microphone  Arrays 

The  following  arrangements  of  microphones  at  the  measurement  site 
will  be  employed  for  basic  helicopter  noise  data  acquisition  purposes.  “  \ 

Each  microphone  should  be  supported  at  a  heigh!  °f  approximately  4  feet 
above  ground  level.  The  orientation  of  each  microphone  should  be  such 
that  the  direct  radiated  noise  field  of  the  helicopter  will  impinge  at 
grazing  incidence  to  the  microphone,  for  all  positions  along  the  flight 
path.  The  microphones  will  be  protected  from  wind  effects  for  local 
wind  velocities  in  excess  of  6  knots. 

1.  Hover  Array  -  A  minimum  array  of  five  microphones  is 
required  for  hover  noise  measurement  programs.  Three  of 
these  should  be  located  on  a  ground  radius  of  ZC00  feet  from 
the  hover  point  at  0-,  15- ,  and  30-degree  angles  to  -a  chosen 
reference  through  the  hover  point.  Two  microphones  should 
be  located  at  one  other  radius,  at  angles  of  0  degree  and  22.  5 
degrees  from  the  reference. 

2.  Flyover  Array  -  A  minimum  array  of  five  microphones  is 
required  in  flyover  noise  measurement  programs.  The  flyover 
array  should  be  centered  along  a  line  normal  to  the  flight 
ground -trace.  The  center  microphone  should  be  positioned 
directly  under  the  flight  path.  Two  microphones  will  be  dis¬ 
placed  on  each  side  of  the  center  unit  by  a  distance  of  500  feet 
and  1500  feet  from  the  center,  respectively. 
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7.4.4  Data  Acquisition  Procedure  a 


1.  All  noiae  data  should  be  measured  and  recorded  by  procedures 
which  ensure  that  maximum  utilisation  is  made  of  the  avail¬ 
able  frequency  response  range  (5  Hs  to  15  kHz)  and  system 
dynamic  range,  within  the  system  accuracies  specified  in 
Section  7.  3.  4. 

Z.  An  IRIG  B  standard  time  code  should  be  recorded  on  one 

channel  of  each  noise  data  tape  during  the  noise  data  record¬ 
ings.  This  time  code  he  synchronized  with  helicopter 
position  tracking  data. 

3.  Flyover  noise  data  should  be  recorded  over  a  flight  path  dis¬ 
tance  of  at  least  10,000  feet  approach  and  3000  feet  pass. 

Hover  noise  data  should  be  recorded  for  a  miniriium  period  of 
30  seconds  at  each  fiight  orientation. 

i 

Field  calibration  signals  of  known  level  and  frequency  will  be 
recorded  on  each  data  recording  tape. 

6.  The  noise  signal  data  will  be  recorded  in  such  a  manner  that 
the  maximum  peak  amplitude  of  the  signal  does  not  exceed  the 
"clipping"  and  other  distortion  limits  of  the  recording  equip¬ 
ment. 

7. 4.  5  Helicopter  Tracking 

1.  The  aircraft  height  and  flight  path  position  relative  to  a  central 
(reference)  point  at  the  microphone  array  must  be  determined 
by  a  method  independent  of  normal  Right  instrumentation,  such 
as  radar  tracking  or  photographic  scaling  techniques  to  be 
approved  by  the  Eustis  Directorate. 

Z.  The  helicopter  position  along  the  flight  path  in  flyover  opera¬ 
tions  will  be  time -related  to  the  noise  recorded  at  each  noise 
recording  station  by  means  of  a  synchronization  signal  com¬ 
prising  a  standard  IRIG  B  Time  Code.  An  additional  coding 
may  be  used  to  supplement  the  Standard  Code,  if  necessary; 
and  when  employed,  it  must  be  described  in  detail  with  rela¬ 
tion  to  the  noise  and  tr 


4. 


5. 


7.  5  DATA  ANALYSIS 


1.  The  basic  data  analysis  will  consist  of  a  one  frequency  analysis 
of  each  of  the  recorded  acoustical  signals,  using  1/3  octave 
band  filters  complying  with  the  recommendations  given  in 
International  Electrotechnical  Commission  (IEC)  Publication 
No.  225  entitled  "Octave,  Half-Octave  and  Third-Octave  Band 
Filters  Intended  for  the  Analysis  of  Sound  and  Vibrations". 

2.  A  set  of  30  consecutive  1/3  octave  band  filters  must  be  used. 
The  first  filter  of  the  set  will  be  centered  at  a  geometric  mean 
frequency  of  12.  5  Hz,  and  the  last  of  10  KHz. 

3.  A  single'  value  of  the  rms  level  must  be  provided  every  0.  5  _+ 

0.  01  second  for  each  of  the  30  1/3  octave  bands.  Each  rms 
value  will  be  obtained  by  time  averaging  ove^a  minimum  of 
0.  4  second  of  each  0.  5  second  period.  An  overall  level  will 
be  obtained  either  by  direct  processing  of  the  unfiltered  sigt.al 
or  by  summation  of  the  1/3  octave  band  levels,  at  each  0. & 
second  interval. 

4.  The  analyzer  device  must  have  a  minimum  crest  factor  capa¬ 
city  of  7  and  shall  measure,  within  a  tolerance  of  +  1  dB,  the 
true  rms  level  of  a  steady  sinusoidal  signal  in  each  of  the  30 
1/3  octave  bands. 

5.  Each  output  level  from  the  analyzer  will  be  converted  to  sound 
pressure  level  referenced  to  .  0002  microbar  rms. 

6.  The  dynamidVange  capability  of  the  analyzer  for  output  of  a 
single  helicopter  noise  0.  5  second  period  spectrum  must  be 

at  least  50  dB  between  full-scale  output  level  and  the  maximum 
noise  level  of  the  analyzer  equipment. 

V  • 

7.  The  complete  analyzer  system  must  be  subjected  to  a  fre¬ 
quency  and  amplitude  electrical  calibration  by  use  of 
sinusoidal  or  broadband  signals  covering  the  range  of  1 1  Hz 
to  11,200  Hz  frequency  and  a  rr.nge  of  known  amplitudes 
representative  of  the  input  signal  data  levels.  If  broadband 
signals  are  used,  they  must  be  described  in  terms  of  their 
average  maximum  rms  values  for  a  non-overload  condition. 

7.6  IDENTIFICATION  OF  NOBE  DATA 

1.  Meteorological  data  pertaining  to  conditions  at  the 
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measurement  site  should  be  logged  at  intervals  of  one  hour 
during  each  period  of  noise  measurement.  These  data  will 
include  temperature,  barometric  pressure,  relative  humidity, 
and  wind  velocity  and  direction. 

2.  Flight  Instrumentation  Data  pertaining  to  flight  and  propulsion  t 
system  operating  conditions  should  be  logged  for  each  noise 
acquisition  flight.  These  data  will  include,  if  available,  basic 
vehicle  weight,  fuel  weight,  weight  of  crew  and  accessory 
equipment,  rotor  speeds,  engine  operating  speeds  and  perti¬ 
nent  temperature  data. 

3.  Each  record  of  each  noise  data  recording  tape  will  be  identi¬ 
fied  by  voice  narration  on  a  full  tape  track  (not  edge-track). 
This  identification  uHll  include  helicopter  type,  mode  of  opera¬ 
tion,  altitude  and  velocity.  The  calibration  levels  and  gain 
adjustments  will  also  be  recorded  on  tape. 

4.  All  information  pertinent  to  the  noise  measurement  conditions 
and  flight  operations  will  be  documented  by  means  of  a  "tape- 
log"  report.  These  will  include  the  above  mentioned  meteoro¬ 
logical,  flight  instrumentation  and  noise  data  identification 
data. 

5.  Analyzed  data  will  be  printed  in  tabular  format  as  filtered  and 
overall  levels  at  each  0.  5  second  interval  of  the  recorded 
sound  histories.  A  means  of  relating  each  interval  of  noise 
data  with  flight  path  position  of  the  helicopter  will  be  pre¬ 
sented  in  the  tabulated  data. 

6.  The  type  of  equipment  used  for  measurement  and  analysis  of  all 
acoustic  data  must  be  reported. 
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